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THE CLINICAL SIGNIFICANCE OF 
GALLOP RHYTHM ‘ 

PAUL D WHITE, MD 

BOSTON 

ihe confused state ol the liteiatme lespecting gallop ih}thni, the 
lelatneh long discussions and the lelatively infiequent clinical lepoits 
are the occasion foi the piesentation of this senes of 100 cases 

In the hist place, the condition has been called by a ntimbei of 
names fust, “bunt de lappel’’ by Boinllaud in 1835, latei, in 1875,. 
'bunt dc galop b} Potain , latei still, “bunt de tiot,” and by the English 
'canter ih}thin'’ V stiict sepaiation of these diffeient teims, as 
lequested In Hard, it, impossible, the types of gallop ihythm nieigmg* 
one into the othei and the teims actually designating the same geneial 
phenomenon Gallop i In thin is the expiession that has suivived, and 
its general and common adoption indicates its usefulness, even though 
In strict definition it does not fit all cases A list of the moie inipoitant 
lefeiences m the hteiaUne to gallop ihythm appeals at the end of this 
paper Special attention is called to the leceiit ie\iew of the subject 
b} Gnotix and to that b} Holt, with then bibliogiaphies 

Gallop ill} thill ma} be most satisfactoiily defined as a lapid sequence 
of thiec lieait sounds nith each caidiac cycle Usually the lieait 
rale is lapid — 100 oi moie — but sometimes even slow gallop ihythm 
IS desciibed with pulse lates as slow as 70 

An attempt has been made to sepaiate gallop ihythm into four 
types presystohe, S} stohe, pi otodiastohc and mesodiastolic Sometimes 
it IS possible to fit a given case into one of these gioups, especially 
when the pulse is not fast, but often it is impossible to tell whether 
the gallop rhythm is pi otodiastohc, mesodiastolic oi piesystohc. even 
with giaphic lecoids Foi example, let us suppose that theie is a 
piesistolic thud sound m a given case due to delayed auiiculoventiicular 
conduction and coming 0 1 second befoie the fiist sound At a heait 
rate of 100 and with the mteival between the noimal fiist and second 
sounds of the heait about 0 3 second, theie will be 0 2 second between 
the second and thud sounds The piesystohc chaiacter of the gallop 
rhythm m this case should be evident If, howevei. the late is speeded 
lip to 120 01 highei, with little or no change in aniiculoventiicular 

'■ Read, before tlie American Climatological and Clinical Association, White 
Sulphur Springs, W Va , May, 1927 
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conduction tune or duration of systole (the latter slight!} shortened 
as IS the rule ^\lth increased heart rate), the position of the third 
sound relalne to the second sound is alteied It falls as near the 
second sound as the first, or eAen nearer if the rate is Aery fast as 
indicated m figure 1 

Thus AAith increasing pulse late, the presystohc gallop becomes at 
fiist mesodiastolic and .finalh e\en protodiastolic, AMthout appreciable 
change in its mechanism 
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Fig 1 — PresTstolic gillop rlutlim showing the effect of changing heart rate 
on rclatue position of the three heart sounds 


Sinnlarh the protodiastolic rhythm, AA'hich at sloAter rates may 
be CAident becomes a mesodiastolic galloj) A\ith lapid rate (fig 2) 
Thus It may not be possible to anahre a mesodiastolic gallop rhythm 
as to fundamental pt otodiastohc or pies}Stolic character 

The mechanism of gallop rlnthm of all A^aneties is often obsaue 
Sometimes a delat m atinctiloA entricular conduction time appears to 
explain eithei the presA stohe or the protodiastolic gallop rhythm, depend- 
ing on the degree of heart block and the heart rate but CAcn in the 
pres} stohe tApe no delay m conduction need be present The third 
clement of the protodiastolic gallop coi responds close!} to the third 
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sound of the heait in lime and in chaiacter Whether it is due to the 
same unknoun mechanism causing' the noimal third sound is not kno'wn 
It seems to me likel) that it is It may be caused by the opening snap of 
the aurlcuio^ enti icular valves undei unusually gieat venous and intra- 
aunculai piessuie (fiom stasis) plus dilatation of the ventiicular cavi- 
ties . it may be the lesult of vibiation of the dilated ventiicular walls from 
the rapid stieam of blood enteiing eaily in diastole, it may be due to 
othei causes The mesodiastohc gallop rliythm is apparently either the 
presystohc 01 the piotodiastolic placed centially in diastole by the fast 
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I'lg 2 —Protodiastolic gallop rlnthm, showing the eflfect of changing heart rate 
on relatuc position of the three heart sounds 

heart rate . it is piolialile that theie is not actually a mesodiastohc type In 
these three timings of the diastolic gallop ihythm the inteival of systole 
IS, except m sIota pulse lates, considerably longei than eithei division 
of diastole, the longest pause is systole Finally, systolic gallop ihythm 
is rare and of unknown cause , it has been suggested by Bard and 
othei s that it is the lesult of a dissociation of the muscular and A'^alvular 
elements of the fust sound in caidiac weakness It may, except by 
graphic lecords, be difficult to distinguish fiom the presystohc gallop 
rhythm, since it is pi otosystolic m time 
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Gallop rln thm must not be confused ■\\ ith simple rapid reduplication 
of the heart sounds or A\ith frustrate premature contractions occurring 
bigeminalh , as it not infrequently is b) medical men unacquainted -w ith 
the differentiation, especially m respect to reduplication of the second 
heart sound 

Gallop rhxdhm is peculiarl}’ an apical phenomenon, although it ma\ 
be heard better elsewhere, such exceptions are rare It is frequently 
associated \\ ith a synchronous palpable and visible impulse ^ It is an 
important sign in the clinic in cnilian life, and is almost always of con- 
siderable graMt} During the World War, vhen soldiers vith severe 
effort s}*ndrome vere gathered together a combination of marked 
tachicardia and loud third heart sounds occasioned a minimization of 
the importance of gallop rh}-thm widely at ^arlance i\uth the appreciation 
of the significance of the phenomenon as seen in civilian practice 
Eien among patients vith definite effort sjndrome and othenMse 
nomial hearts in cnilian life gallop rh 3 thm is relatneh rare, in a 
series of 100 such patients that I examined recentl}' a third sound was 
well heard in onh ten and in only one of those was the rate rapid 
enough for a diagnosis of gallop rh}'thm In such cases differentiation 
is easih made from the serious gallop rh} thm of heart disease m w Inch 
the extra sound is general!} ver}' much louder than the usual third heart 
sound heard w ith difficult} b} many ph} sicians 

Likewise mitral stenosis with a loud third sound and taclncardia 
Ilia} gne rise to gallop rlndlim, but not often, chiefly because the 
third sound is masked by the mitral diastolic murmur that accompanies 
and follows it 

The typical gallop rhythm is found in serious heart disease associated 
with h} pertension coronary disease or s}phihtic aortitis, and is accom- 
panied b} congestue failure Nephritis is not common although it 
has been considered in much of the past literature to be an important 
factor Gallop rh}'thm ma} be found in seiere diphtheria Angina 
pectoris and coronari thrombosis are common and pulsus altemans not 
infrequent IMurmurs and Aah-ular disease are uncommon except for 
slight apical s} stohe mumiurs The heart is almost alw a} s considerabl} 
enlarged, and the sounds generally are poor Auriculoi entricular block 
IS uncommon in spite of past theories of auriculoventricular dissociation 

1 Rareh the third sound and impulse associated with it in protodiastolic 
gallop rinthm maj be eien more prominent than the usual cardiac sounds and 
apex impulse, as in ten cases recentlj reported b> Conner, seen b> him in the past 
hiieen jears (Conner, L A Note on the Occurrence of an Unusual Form of 
Gallop Rh\thm Am Heart T 2 514 [June] 1927) He writes that in these 
cases “the gallop «ound is so loud and the corresponding palpable shock so 
strong as to dominate completeh the cardiac signs ” 
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Results of Obsavatwns m One Hundied Cases of Gallop Rhythm 
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Pcric irditis 

Unknotni 

Duration of Illnc‘-s 
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More tlian '> re ir® 

V 

Congi-tirc Failuie 
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I'uPe Rate 
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No murmurs 
Flectrocardiogram 
Total 
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Auriculorcntricular block 
Intrarentrieular block 


Tj pe of Gallop Rhythm 
— < 


Proto 

diastolic 

Pres> s 
tohe 

Sjstolic 

Unspeci 

fled 

Total 

G4 

12 

4 

20 

100 

47 

7 

3 

15 

72 

17 

1 

1 

6 

28 

5 

0 

0 

2 

7 

5 

1 

0 

3 

9 

7 

1 

2 

3 

13 

1 

1 

1 

4 

13 

IS 

c 

0 

4 

28 

14 

2 

1 

3 

20 

8 

1 

0 

1 

10 

14 

2 

1 

2 

19 

3S 

7 

1 

8 

54 

IS 

3 

1 

4 

21 

> 

0 

0 

3 

5 

30 

7 

1 

11 

49 

5 

1 

0 

3 

9 

9 

1 

0 

3 

13 

9 

0 

0 

1 

10 

10 

0 

1 

1 

12 

1 

0 

0 

0 

1 

0 

0 

0 

1 

1 

5 

1 

0 

2 

9 

0 

1 

1 

1 

3 

1 

0 

0 

0 

2 

0 

2 

0 

4 

U 

1 

0 

1 

1 

3 

2 

1 

1 

1 

5 

11 

5 

1 

2 

23 

23 

4 

1 

G 

34 

12 

S 

0 

1 

16 

14 

0 

2 

11 

27 

42 

1 

1 

13 

61 

18 

4 

1 

2 

25 

b 

1 

0 

3 

11 

4 

0 

0 

0 

4 

21 

0 

3 

6 

40 

24 

3 

1 

7 

35 

G 

3 

0 

3 

12 

5 

0 

0 

4 

9 

2 

1 

0 

0 

3 

27 

3 

3 

10 

43 

24 

5 

1 

5 

35 

10 

3 

0 

5 

18 

1 

0 

0 

0 

1 

H 

1 

0 

3 

21 

IS 

0 

1 

8 

27 

23 

3 

1 

0 

37 

1 

6 

1 

4 

16 

1 

3 

1 

1 

6 

17 

0 

0 

1 

IS 

34 

1 

1 

12 

52 

1C 

5 

0 

3 

24 

9 

2 

1 

f> 

14 

5 

0 

2 

3 

10 

8 

1 

1 

5 

15 

3 

0 

0 

1 

4 

4 

0 

0 

0 

4 

9 

0 

0 

3 

12 

21 

2 

1 

6 

33 

10 

9 

2 

5 

32 

43 

8 

2 

11 

64 

2 

0 

0 

0 

2 

8 

2 

0 

1 

11 

10 

2 

1 

5 

24 


6 


ARCHll ES or 1\TER\AL MEDICI \E 


Recalls of Ob^crxattoiis tii One Hundred Cases of Gallop Rli\thm — Contmued 



Type of Gallop Rhj thm 



FYoto 

diastolic 
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tolic 

Systolic 
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fied 
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low voltage 
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tiirienlar fibrillation 
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5 

1 

0 

0 

0 

Aonprotein Mtrogen in Blood 

Normal amount 

g 

1 

2 

4 

15 

Abnormal amount 

2 

0 

0 

3 

3 

Renal Function (pbcnolsulphonplithalein) 

No-ma] 

4 

2 

1 

1 

8 

Abnormal 

5 

0 

0 

4 

<) 

Digitalis 

Larfje amount 

9 

0 

0 

3 

12 

Moderate or little 

33 

5 

1 

8 

47 

None 

35 

5 

3 

9 

32 


7 

2 

0 

0 

9 

Dead 

Total 

31 

3 

1 

14 

■■9 

Within one week after the diicovcry of the 

gallop rhythm 

3 

1 

0 

2 

6 

From 1 veek to 1 month 

-1 

0 

0 

5 

9 

From 1 to C months 

12 

1 

1 

3 

17 

FYom C to 12 months 

7 

0 

0 

2 

9 

From 1 to 2 years 

4 

0 

0 

0 

4 

From 2 to 3 a ears 

1 

1 

0 

0 

2 

" veirs ind over 

0 

0 

0 

2 

2 


as> a frequent cause of the gallop Intraventricular block, almost always 
of the right bundle branch t}pe, is more common, but by no means 
uniform, simply representing extensive myocardial disease The heart 
rln thill IS almost alwais normal, except that there are frequent pre- 
mature beats Auricular fibrillation is rare The pulse rate is usually 
between SO and 120 and rarely above or below" these limits Males 
more often show the phenomenon than females The sign is one of 
bad omen , w hen occurring in the clinic it usualh means death within 
a few }ears at best there are exceptions Digitalis therapy is appar- 
enth not related to gallop rh>thm, except that improvement in the 
cardiac condition from its use may cause the gallop rh}i;hm to disappear, 
and occa‘:ionall 3 dela} ed conduction from digitalization ma} gn e rise to 
teinporar} pres}Stolic or e\en, if extreme, protodiastolic gallop rh\thm 


PRESEXT OBSER\ ATIOXS 

A series of 100 cases of gallop rh}i:hm obsen^ed during the last 
lew \ears has been anahzed and the results recorded in the accom- 
paining table Sixty-five patients from m} own private practice W'ere 
studied two from that of Dr H B Sprague and thirt) -three from the 
wards and outpatient department of the Massachusetts General Hospital - 

2 In the stucU of the hospital patients, I wish to acknowledge the assistance 
oi Dr Seele^ G Mudd and Miss Catharine Thacher 
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All attempt was made to divide tliem into four groups , ( 1 ) pi esystolic, 
tuelve cases, (2) systolic, four cases, (3) pi otodiastolic, sixty-foui 
cases, and (4) tinceitain, mostly mesodiastolic, twenty cases No great 
accuracy can be attached to this subdivision The total data of the 
entile series of 100 cases aie of considerable significance and are the 
basis, togethci with data fiom the literatuie, foi the desciiption of the 
tipical gallop ihythm described m the foiegoing paragraphs Phono- 
caidiogiams were not taken m this senes, they would be of interest in 
the attempt to time and to differentiate more accurately the various 
so-called types Electrocardiogiams weie made in sixty-four of the 
cases 

SUMMARY AND CONCLUSIONS 

1 An analysis has been made of 100 patients with gallop rhythm 
seen in pi ivate and in hospital practice 

2 The differentiation of these cases into types according to the 
tune of the extra or third sound showed sixty-foui apparently proto- 
diastolic, luehe pies3Stohc, four systolic and twenty unclassified The 
exact separation of pi otodiastolic and pi esystolic types is often difficult 
or impossible With rapid heart rates, as 120, the position of the third 
sound in diastole is piactically the same, i e, mesodiastolic, whether 
pi otodiastolic or pi esystolic with slower lates The systolic tvpe is 
rare and much less impoitant appaiently than the diastolic types which 
aie about equally significant The commonest type, namely, the proto- 
diastolic, IS piobabh due to the marked accentuation of the usually faint 
normal thii d heart sound 

3 Gallop rliythm is an impoitant clinical sign in civilian practice, 
and IS almost intariably CMdence of serious heait disease It is generally 
a bad prognostic sign , almost half of the 100 patients in the present 
seiies (45 per cent) are known to have died Muthin two years of the 
discover}' of the sign , thiity-two died within six months A considerable 
number of the lemaming fifty-five patients weie seriously ill or dead (4) 
when last heard fiom Cases of gallop ihythm of the protodiastolic, pie- 
S3'Stolic and unclassified diastolic t 3 'pes weie all lepresented in this high 
mortaht}, but less of the pies 3 StoIic than the otheis 

4 In the entire gioup of 100 cases, males were more often affected 
than females, in the pioportion of about thiee to one 

5 Gallop rhythm occurred m both young and old in sixteen patients 
under 30 yeais of age, it was more often associated with nephritis or 
mitral stenosis, and in the oldei patients with coionar}' disease, hyper- 
tension and syphihtc aortitis The aveiage age was between 50 and 60 
years One half of the patients (48 per cent) were between 50 and 70 

6 In the gioup of 100 cases, coronaiy disease alone or m combi- 
nation was apparently present m 54 per cent, actual coronary thrombosis 
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being diagnosed in 21 H}pertension alone or complicated was present 
in 49 per cent, s}philitic aortitis in 13 per cent, rheumatic heart disease 
in 12 per cent, nephritis m 12, uremia in 10, eflfort syndiome alone m 3, 
pericarditis m 3, subacute bacterial endocarditis in 2, congenital heart 
disease in 1 and unknown factors in 5 

7 The duration of the heart disease before the discovery of the 
gallop rhythm w'^as variable, often brief but still moie often of several 
} ears’ standing 

8 Congestive failure w^as the most outstanding characteristic, being 
piesent m at least 61 per cent 

9 Angina pectoris w'as a common occurience (25 per cent) 

10 Cardiac asthma occurred in fourteen cases 

11 The heait rate w^as usually rapid, avei aging about 100 At 
least three fouiths of the cases show^ed rates betw'-een 80 and 120 * 

12 The blood pressure w'as variable, the systolic being betw^een 100 
and 150 mm of mercury m 43 per cent, betw^een 150 and 200 m thiity- 
five cases, ovei 200 m nineteen, and under 100 in thiee 

13 Pulsus alternans w^as frequently found (21 per cent) 

14 The heart w'as consideiably enlarged m 60 per cent, definitely 
normal m size in only 6, and doubtful in 18 

15 The heart sounds weie poor m moie than half the cases (52 per 
cent) and good in only fourteen 

16 Valvulai disease w'as uncommon, aortic regurgitation being 
found alone in fifteen cases, mitral stenosis alone m four and the two 
conditions combined in foui Apical systolic muimurs, how^ever, were 
common, loud in tw^elve and slight to model ate in thirty-three There 
w^ere no heart murmurs in tlnrty-two cases 

17 Electrocai diograms were obtained m sixty-foui of the patients 
Only tw'o of these were normal Abnormal T weaves weie piesent in 
sixteen, low \oltage m four, abnormal left axis deviation in nineteen, 
auricular fibrillation in only fi^e, ectopic auiicular tachycardia in five, 
\entricular piemature beats alone in eleven, auricular premature 
beats alone m tw'o and both auricular and ventricular premature 
beats m six IntraA entnculai block was the most common electro- 
cardiographic abnormality found, occurring in twenty-four cases, or 
38 per cent, but aunculoventricular block w^as surprisingly infrequent, 
being recorded m only eleven cases 

18 Renal function as tested by the phenolsulphonphthalem test w^as 
normal m eight and abnormal in nine of the seventeen cases so tested 
The amount of nonprotem nitrogen in the blood was noimal in fifteen 
and too high in onh fi\e of the twenty cases in which such tests w^ere 
made 
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19 Digitalis as a possible factor m the pioduction of gallop rhythm 
M as negligible, as shown by the fact that in at least thirty-two cases none 
had been gr\ en and in onl} t\A elve cases had a considerable amount been 
administeied As a mattei of fact, in some cases the gallop rh}”!!!!!! 
disappeaied coincidently ^Mth the clinical improvement following rest 
and the administration of digitalis 
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ALKALIS AND RENAL INJURY 

EDWARD J STIEGLITZ, MD 

CHICAGO 

It has long been an established clinical fact that diuresis ma} be 
produced by the administration of alkalis ^ I\I Fischer emphasized the 
tbeoietical consideration that accumulation of \\ater in tissues ^^as due 
to an increased tissue acidity - For some time therapv m nephritis and 
in albuminurias has been directed toward alkahmzation of the urine 
Post and Thomas “ claimed decidedl) beneficial results with this therapy 
in orthostatic albummuiia A thorough leMew of this literature is 
unnecessar\ It suffices to emphasize that m certain edematous states 
therap} \\ith alkalis of ^arlous sorts has \ielded a diuresis, but in certain 
cases has caused a dangerous exaceibation of the edema 

With the development of more accurate methods of study of the 
h}diogen ion concentration of the blood, and of the status of the alkali 
reserve in the presence of an acidosis, it has furthei been demonstrated 
that a diminished reserve of the fixed bases frequently occurs in 
nephritic states with or v\ ithout edema ^ Rehn ° believ ed that dis- 
turliance of lenal tubular actnit} inhibited excretion of acids, while the 
excretion of alkali was dependent on glomeiular function His data 
aie almost pm el} clinical and not fully controlled An acidosis, both 
actual and relatu e, exists in acute infections ° and anaphylactic shock* 
However Hirsch has shown " that the nephiitis vvdiich may be produced 
bv sodium acid phosphate is not due to the acidosis These data tend to 
confiim the impression that water retention is sometimes associated with 
an accumulation of acid The voluminous literature dealing with the 
relation of the chlorides to edema is most conflicting and confusing 

1 Palmer, W T , and Henderson L J J Biol Chem 21 37, 1915 

2 Fischer, M H Oedema and Nephritis, New York, John Wilej &. Sons, 

1915 

3 Post, W E and Thomas, W Orthostatic Albuminuria, J A. A 
80 293 (Feb 3) 1923 

4 Bulger H A Peters, J P Eisenman, A J , and Lee, C J Clin* 
Investigation 2 167, 1926 ibid 2 233, 1925 Chloride in Diabetic Acidosis, 
editorial J \ M A 86 752 (^larch 13) 1926 Chace, A F, and kljers, V C 
\cidosis m Nephritis, J A ^I A 74 641 (^klarch 6) 1920 

5 Rehn, E Ztschr f Urol 19 27, 1925 

6 Dragstedt, L R J Infect Dis 27 452, 1920 Hirsch, E F Ibid* 
28 275, 1921 ibid 29 40, 1921 Hirsch, E F, and Williams, J L Ibid 30 
259, 1922, ibid, 30 664 1922 

7 Hirsch, E E Hvdrogen-Ion Studies, Experimental Nephritis m Rabbits- 
with Monoblastic Sodium Phosphate, Vrch Int Med 31 862 (June) 1923 
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some authois ® claiming good therapeutic lesults by complete and radical 
restriction of chloiides, and others not 

In Mew of the conception that Avater retention is associated ivith 
an inci eased tissue acidit} , the therapeutic use of acid substances in 
edema, with excellent lesults, seems most paiadoxical Keith, Barrier 
and Whelan'’ produced clinical diuiesis AMth calcium chloiide, AAuth a 
positiAe uiinaiA calcium balance and a gieat increase in the sodium 
content of the urine These obserAations haA^e been confiimed abroad 
Calcium chloride has been found to increase the urinary acidity and 
maA CA en lead to a seA ere uncompensated acidosis,^- but is still diuretic 
Similai results occur AMth ammonium sulphate and ammonium chloiide 
The diinetic effect is enhanced by the use of merbaphen (noA’^arsurol) 
Singer ’’ laid paiticular stress on the effect of the calcium on the heart, 
but Segall and White haie demonstiated that the degree of diuiesis is 
dependent on the degiee of acidosis 

AndreAAS ’’ has recenth pointed out that the libeiation of the maxi- 
mum amount of AAatei fiom the tissues does not occui until the plasma 
bicarbonate rescue has fallen to 45 per cent b}- A'-olume, in normal 
dogs The AAork of Aldrich and McClure and others^® has shoAAm the 

S ConaAou Bull Acad de med 94 955, 1925 

9 Keith, X M , Barrier, C and Whelan, iNI Treatment of Nephritis 

and Edema w ith Calcium, JAMA 83 666 ( A.ug 30) 1924 

10 Blum, L Aubel E , and Hausknecht, R Bull et mem Soc med d 
hop de Pans 46 206, 1922 

11 Ccnatt and Handel Kim Wchnschr 3 162 1924 Keith, N M , 

Barrier, C W and Wliclan, M Diuretic Action of Ammonium Chlond and 
XoAHSurol in Cases of Nephritis with Edema J \ !M A 85 799 (Sept 12) 
1925 Atchle\, D \V , Loch R F, and Benedict E AI Phj sicochemical 
Studies of Calcium Chlond Diuresis, ibid 80 1643 (June 2) 1923 

12 SaUcscn H A Hastings \ B , and Alclntosh J F J Biol Chem 
60 327, 1924 

13 Gamble, J L , Blackfan K D and Hamilton, B J Chn Imestigation 
1 359, 1925 Haldane, J B S J Plusiol 55 265, 1921 

14 Rountree, L G , Keith, X 51 and Barrier, C W NoAasuroI in 
Treatment of Ascites in Hepatic Diseases, J A 51 A 85 1187 (Oct 1/) 192 d 
D e Mclio-Campos, O Scicncia med 3 389, 1925 

15 Singer, G Wien khn Wchnschr 34 247, 1921 

16 Segall, H X , and White, P D Am J M Sc 170 647, 1925 

17 Andrews, E Water Aletabohsm, Arch Int Aled 37 83 (Jan) 1926, 
Water Aletabohsm , Further Observations, ibid, 37*559 (April) 1926 

18 Aldrich, C A and McClure, W B Time Required for Disappearance 
of Intradermalb Injected Salt Solution J A 51 A 82 293^(Julj 28)^ 1923, 
Intradermal Salt Solution Test, Its Prognostic Value m "Nephritis’ Avith 
Generahred Edema, ibid 83 1425 (Alaj' 3) 1924 Aldrich, C A Clinical 
Course of Generalised Edema, with Suggestions as to Its Possible Function, 
ibid 84 481 (Feb 14) 1925 Baker, \Y Intradermal Salt Solution Test in 
Scarlet Fever and Diphtheria Patients, ibid 83 1566 (Noa IS) 1924 Olmstead, 
H C Intradermal Salt Solution Test m Cardiac Disease in Children, Arch 
Int Med 37 281 (Feb ) 1926 
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presence of a greath increased aMdit> of the tissues for -water m 
edematous and pre-edematous states, emphasizing the importance of 
changes m the tissues rather than merely in the kidneys Clausen^® 
and Kaboth ha^ e shown that in edema significant changes occur in 
the surface tension and colloidal osmotic pressure of the blood 
jNIcLean revie\\ ed the chaos of conceptions concerning edema Labbe 
and Violle®® contend that edema is due to a combination of factors, 
namth osmotic balance, acid-base balance, blood minerals and blood 
lipoids and colloids Hamzlik-® emphasizes the importance of the nei- 
\ous appal atus in this connection, Rountree and Blown have demon- 
strated that a true h} dreinic plethora with edema may be induced by the 
excessne administration of water, but that this has no relation to true 
diuresis 

\\ ilson,®® in reiiewing the hteratuie, emphasizes that the mechanism 
of maintaining the neutraht} of the body is dependent on the loss of 
■\ohtal caibon dioxide from the lungs, excretion of nonvohtal acids and 
bases by way of the kidneys, excretion of some salts by way of the 
bo^^el and the normal buffer substances of the blood, chiefl)’- sodium 
bicarbonate The effect of perspiration is minor in normal persons 
The loss of carbon dioxide by way of the lungs is an important factor 
and is directly controlled by the fact that inci easing hydrogen ion con- 
centration IS an eft ectn e stimulus to the respiratory center 

The mechanism by ^\hlch the kidney assists in this process is the 
question most applicable heie Henderson’s and Henderson and 
Palmer’s®® studies ha^e shown that the strong (actively ionized) acids 
are eliminated as salts, iMth associated depletion of the fixed metallic 
cations of the blood Howe^er, ammonia, replaces these metallic cations 
m the urine to a great extent, and therefore tends to spare the alkali 

19 Clausen T Biol Chem 59 45, 1924 

20 Kaboth, G Arch f Gjnak 127 170, 1925 

21 McLean, F Ph^sIol Re^ 4 618, 1925 

22 Labbe, , and Violle, P L Ann de med 18 22, 1925 

23 Hamzlik, P J California & West kled 24 33, 1926 

24 Brown, G E, and Rowntree, L G Volume and Composition of Blood, 
and Changes Incident to Diuresis in Cases of Edema, Arch Int Med 35 129 
(Jan) 1925 Rowntree, L G Ph\siol Re\ 2 116 1922 Water Enough, 
More, or Less, editorial, JAM \ 86 1912 (June 19) 1926 

25 Wilson, D \Y Ph\siol Rev 3 295, 1923 

26 Wmterstein Arch f d ges Phjsiol 138 167, 1911, Biochem Ztschr 
70 45, 1915 Hasselbach Ibid 46 403, 1912 Anoxemia and Acidosis, Current 
Comment, J A :M A 85 979 (Sept 26) 1925 Elhs, A W M Quart J Med 
17 405, 1924 

27 Henderson, L J Ergebn d Ph^slol 8 254, 1909, J Biol Chem 9 403, 
1911 

28 Henderson L J , and Palmer W T J Biol Chem 21 37, 1915 
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reseive Pievious to the woik of Nash and Benedict^® the major poi- 
tion of the urinary ammonia was piesiimed to arise b}' destiiiction of 
urea in the li\ei Their leseaiches demonstiated that most of the 
urinai) ammonia is S3mthesized b} the lenal tissue Theiefore, the 
acidosis associated with nephiitis ma)’^ at least m pait be the result of 
the failuie of piopei ammonia s3mthesis b3’ the kidne3^s The urmai3’’ 
ammonia is alwa3S gieatl3’' increased m the piesence of an increased 
secretion of acids, and diminished b3’' the administi ation of alkali®^ 

The noimal kidne3’’ appaient^’^ can cope with excesses of alkali moie 
leadilj^ if sufficient watei is aiailable foi the solution of the sodium 
bicaibonate (maximum concenti ation is thiee-tenths normal) The 
fact that alkahnization of the urine and the bodj lequiies an inci eased 
excretion of uatei is essentialh S3 1101131110115 to diuiesis Increased 
excietion of alkalis inaN be piodiiced eithei b3’' ph3siologic excessive 
administi ation of alkalis, 01 b3 depletion of acids, as in seveie vomiting 

Out of this chaos of fact and theon, a few salient phenomena are 
conspicuous Fust, uater metabolism, as exemplified b3’- noimal bal- 
ance, edema 01 delndiation, is not solely an evidence of alteied lenal 
function as regards the excretion of the watei, but is gieatly influenced 
b3’ plnsiologic and chemical conditions of the tissues as a whole 
Secondly, the acid-base balance of the body is of majoi impoitance in 
the contiol of a noimal equilibiium Thiidlj", the kidne3'’, thiough its 
selectne secietion of cithei an acid 01 an alkaline mine, and thiough its 
S3nthesis of ammonia, pla3S an essential idle in the maintenance of 
such equihbiium Therefoie, one again 1 etui ns to the kidne3s for an 
adequate explanation of the paradoxic response in diuiesis, sometimes 
with acid and sometimes with alkali Renal functions aie multiple In 
thinking of edema and lenal function one tends to emphasize unduly 
the function of watei elimination, ignoimg the lenal activit3 in con- 
trolling the leaction of the tissue fluids 

The piohable mechanism of lenal secietion in connection with the 
contiol of uiinarj leaction has been demonstrated®^ This w'as accom- 
plished by the use of nontoxic, sensitive, indicatoi d3es, intioduced into 
the circulation, and the lenal tissue w^as studied immediately after 

29 Nash and Benedict J Biol Cliem 48 463, 1921 , ibid 51 183, 1922 

30 Walter Arch f exper Path u Pharmakol 7 148, 1877 Keeton, R 
J Biol Chcm 49 411, 1921 

31 Jannej Ztschr f physiol Chem 77 199, 1911 Davis, Haldane and 
Kennawa} J Physiol 54 32, 1920 

32 Marchall J Biol Chem 51 3, 1922 Gamble Ibid 51 29S, 1922 

33 McCann, J J Biol Chem 35 553, 1918 IMacCallum et al Bull 
Johns Hopkins’ Hosp 31 1, 1920 Hastings, Murray and IMurraj J Biol 
Chem 46 223, 1921 

34 Stieglitz, E J Histologic Hvdrogen-Ion Studies of Kidney, Arch Int 
Med 33 483 (April) 1924 
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removal It was sho^^ n that in the normal animal the cellular reaction 
of the secreting tissue, namety, tlie cells of the convoluted tubules and 
the loops of Henle, was invaiiably opposite to that of the urine If 
die urine is acid, the cells are distinctly alkaline in reaction, whereas 
with an alkaline urine an acid reaction exists in the living cells Any 
increase in the alkalinity of the urine is accompanied by an increased 
cellular acidity It was concluded that the reaction of the urine was 
determined by secretion of an excess either of acid or of alkali by these 
cells, uith the probable retention within the cells of either the cations 
oi the anions, resulting in the obseived reversed reaction These lesults 
are clearly interpreted in view of Donnan’s equilibrium Furthermoie, 
in nephritic kidneys, the injured cells are acid in reaction,® ‘ as is the 
urine Alkalmization of the urine in nephritic animals does not leveise 
the acid reaction of the cells, but probably increases the intracellular 
acidity Similar fexpenments have since been carried out, using dif- 
ferent alkalis, with the same results However, triple calcium phosphate 
failed to alkalmize the uiine, even in massive doses in the acute 
experiments 

Studies with indicator dyes in living tissues such as those aheady 
mentioned and those of Rous,®® must be cai ried out as rapid, acute pi o- 
cedures, and be carefully controlled The results of Rous are in part 
nullified by the fact that the dye was left in the tissues for a considerable 
time Organic dyes, particularly the indicatois, are salts, and therefore 
combine with the amphoteric proteins, giving false reactions if left too 
long in contact For example, sodium alizaiinate, if put in contact 
with egg albumin, will slowly show an acid reaction (alizaiin), because 
the sodium reacts with the amphoteric protein The actual hydrogen 
ion concentration is unaltered, but the indicator gives a false appearance 
of acidity However, in the acute experiments referred to pieviously, 
this fact was considered 

The importance of these phenomena has been insufficiently empha- 
sized Since Fischer ® and others pointed out the importance of the 
tissues as a whole in contrast to the kidney in controlling water balance, 
the pendulum of attention has perhaps swung too far After all, water 
elimination, and therefore control of water balance, is dependent to a 
great degree on proper renal secretory activity, either directly, as regards 
the actual excretion of water, or indirectly through the regulation of 
tissue neutrality by the kidnejs The actual secreting mechanism lies 

35 Rous, F J Expcr Med 18 183, 1913, Science 60 363, 1924, J Exper 
Med 41 379, 451 and 739, 1925 Tissue Acidosis, editorial, J A M A 85 519 
(^Vug 15) 1925 Rous, P, and Drury, D R Outlying Acidosis, ibid 85 33 
(Juh 4) 1925 

36 Footnotes 18, 19 and 21 



ST lEGLITZ— ALKALIS AND RENAL INJURY 


15 


within tlie renal cell, and it is important to consider the vital physiologic 
processes there 

Recently, Hartman, Bolhger and Doub in stud3ang the physio- 
logic process of roentgen-ray nephribs in dogs showed that during the 
period of acute reaction with marked albuminuria, the urine was strongly 
alkaline In the absence of any systemic or metabolic disease or fever, 
this alkahnit}’ ma}’’ be explained onty b}* the local inflammatory acidit} 
of the cells, confirming the earlier experimental data Peterson and 
WiIIis have pointed out tliat increased hydrogen ion concentration 
leads to an increased permeability, whereas a diminution m permeability 
follows diminishing hydrogen ion concentration Tins adds emphasis 
to the conception that alterations in the reaction of the urine have func- 
tional physiologic significance 

Excessi\e administration of alkali has been shown to lead to renal 
injurj' Nuzum and his associates showed that long continued 
alkahnization caused a moderate hypertension and renal damage, but no 
arteriosclerosis Addis and others have been able to cause a considerable 
nephritis m rats by prolonged dietary alkahnization with sodium bicar- 
bonate The recent report of Jordan has brought forth with new 
emphasis the problem of alkalosis as encountered in the management of 
peptic ulcers b}'’ the Sippy method As has been previously pointed out 
by others,"*^ long continued clinical use of alkalis not infrequently leads 
to evidence of clinical nephritis and alkalosis Jordan points out that 

37 Stieghtz, E J Am J Anat 29 33, 1921 

38 Hartman, F W , Bolhger, A , and Doub, H P Functional Studies 
Throughout Course of Roentgen-Raj Nephritis in Dogs, J A A 88 139 
(Jan 15) 1927 

39 Peterson, W F, and Wilhs, D A Capillarj-^ Permeabilitj-^ and Inflam- 
matorj Index of Skin in Normal Person as Determined bj' Blister, Arch Int 
Med 38.663 (Nov 26) 1926 

40 Henderson, L J , Palmer, W W, and Newburgh, L H J Pharmacol 
and Exper Therap 5 449, 1914 Fischer (footnote 2) 

41 Nuzum, F R , Seegal, B , Garland, R , and Osborne, xA.rterio- 

sclerosis and Increased Blood Pressure , Experimental Production, Arch Int 
'Sled 37 733 (June) 1926 

42 Addis, T , :MacKaj, E ^I, and :MacKay, LI J Biol Chem 71 157, 
1926 

43 Jordan, S M Calcium Chloride and Carbon Dioxide Content of Venous 
Blood in Cases of Gastroduodenal Ulcer Treated vith Alkalis, J A M A 87. 
1906 (Dec 4) 1926 

44 Hardt, L J and Rivers, A B Toxic Manifestations Following Alkaline 
Treatment of Peptic Ulcer, Arch Int l\Ied 31 171 (Feb ) 1923 Brown, G E , 
Eusterman, G B , Hartman, H R, and Rowntree, L G Toxic Nephritis in 
Pjloric and Duodenal Obstruction, Renal Insufficiency Complicating Gastric 
Tetanj, Arch Int Med 32 425 (Sept) 1923 Ellis, A W U Quart J Med 
17 405, 1924, Houghton, L W , Venables, J F, and Lojd, N L Guy’s Hosp 
Rep 75 149, 1925 McVicar, C S Tr .A.m Gastro-Enterol Ass 27 230, 1924 
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there need be no cMdence of prcMOUs gioss renal damage Tins is in 
accord with the explanation offered, naniel}, that the nephritis is the 
result, not the cause, of the alkalosis The excessive dryness and the 
earh rise m the concentration of the nitrogenous waste in the blood 
are probabl}' the results of dehydration, or essentially synonymous, 
excessue diuresis, due to the irritation of acidified renal cells 

The phenomenon of alkalosis ma;^ occur without alkali theiapy in 
those cases with obstructing ulcers and continuous secretion of acid 
which is lost by \omiting Normally, the blood of the portal vein has 
a higher alkali reserve than the arterial blood,‘° probably thiough the 
depletion of acid by the gastric mucosa This is similar to the difference 
between the blood entering and that leaving the kidneys, the latter having 
a higher carbon dioxide combining power than the former 

On the basis of a correlation of the foregoing experimental and 
clinical data the paradox of diuresis by either acidification or alkahniza- 
tion IS open to logical physiologic interpretation Any deviation from 
normal physiologic ph3Sical or chemical conditions, if the deviation is 
not so excessive as to be destructive, is a stimulant for activity on the 
part of the cells to return toward the normal environment The sig- 
nificant fact is that either procedure, administiation of acids or alkalis, 
causes a dcMation from the pre-existing state, and therefore acts as a 
renal stimulant The result of renal stimulation is diuresis Injured 
cells, alread} hypenri itable, are more readily influenced In nephritis 
the acid i enal cells are made more acid by the administration of alkalis, 
and it IS suggested that this added insult is in part responsible for the 
clinical diuresis so obtained If the original injury is severe, the addi- 
tional insult, instead of being stimulating, may be destiuctive or injuri- 
ous, with acute exacerbation of the nephritic or toxic edema, as is so 
often the case - On the other hand, therapy with acid substances in 
nephritis tends to more strongly acidify the urine and to dimmish the 
intracellular acidity, bringing the cells closer to then normal state Such 
IS the tentatu e explanation of the physiologic paradox of diuresis as the 
lesult of either acidification or alkalinization therapy, which is offered as 
a ^\orkmg h}pothesis and as being food for thought along these lines 
The effect of the improvement of renal function on the tissues is prob- 
ably through the control which the kidney exercises over the acid-base 
balance of the body 

The clinical phenomena demonstrated by studies of patients with 
alkalosis coincide entirely with this conception Alkalosis, b> forcing 

45 Ambard, L , Schmidt, F, and ArnoiljcMtch Bull et mcm Soc med d 
hop dc Pans 51 75, 1927 

46 ChaMt, A J Arch f d ges Physiol 214 331, 1926 

47 Childs, C N Induidualit} in Organisms Unnersity of Chicago Science 
Senes 1915 
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the secretion of a strongly alkaline urine, gieatly increases the renal 
cellular acidit}'’ and by such ii i itation causes renal damage Koehler 
has recently pointed out that acidosis is associated with dehydration, 
whereas iii alkalosis there is e\ idence of increased tissue hydration and a 
gam m weight If long continued this acidification of the normally 
alkaline secieting cells may lead to an actual nephrosis This probably 
does not occur more frequently because of the tiemendous reserve of 
renal structuie and ph}siologic efforts at compensation White/'* in a 
recent discussion of the lational tieatment of gastric ulcer, emphasizes 
the fact that excessne use of alkalis is largely unnecessary Similarly, 
Loevenhait and Ciandall®'* suggest calcium carbonate in preference to 
sodium bicarbonate in ulcer therapy, because of its lesser effect on the 
acid-base balance of the bod}^ This is particularly true of patients with 
pre-existing renal disease The administration of large doses of alkalis 
in nephritis is theoretically contraindicated, even in the presence of an 
uncompensated acidosis So far as is known, there is not any physio- 
logic foundation for the use of alkalis in orthostatic albuminuria 

SUMMAR\ 

1 Alkahmzation of the mine by administration of alkalis causes 
an increasing renal cellular acidity 

2 This reversal of intracellular reaction is undoubtedly physiologi- 
cal!) irritating, and theieby frequently produces a renal diuresis 

3 The diuresis lesultmg from acid therapy in nephritis probably 
results, at least in part, from physiologic neutralization of the renal 
secreting cells, with improvement of their functional efficiency 

4 An alkalosis, as may be produced by long continued or excessive 
administration of alkalis, causes distinct renal irritation and occasionally 
a true nephrosis 

5 Renal injur) may result m impairment in the function of neu- 
trality control and thereby affect the tissues as a whole 

6 An explanation of the paradoxic diuresis occurring after therapy 
with eithei alkalis or acids is offered 

48 Koehler, A E J Biol Chem 72 99, 1927 

49 White, F W Am J M Sc 173 629, 1927 

50 Loevenhart, A S , and Crandall, L A Calcium Carbonate m Treat- 
ment of Gastric Hyperacidity Syndrome and in Gastric and Duodenal Ulcer, 
J A H A 88 1557 (T^Iay 14) 1927 



THE IODINE-STARCH TEST OF BODY FLUIDS 

DEDUCTIONS FROM 0\ ER ONE HUNDRED CONSECUTIVE TESTS OF 

THE EXTERNAL SECRETION OF THE PANCREAS IN DIABETES, 

IN DISEASES OF THE GALLBL\DDER AND PANCREAS 
AND IN A NORMAL CONDITION 

ANTHONY BASSLER, :MD 

NE%\ "iORK 

Considerable interest has been awakened concerning a test for pan- 
creatic activit}' M hich has been advanced recently ^ Communications 
from different sources show its adoption as a clinical procedure for 
judging the condition of the pancreas by estimating the amyloclastic 
pover of Its external secretion Doubts have arisen and the number of 
researches and expenences have multiphed until it seems warranted to 
present further data on the test 

The factors of tlie combining power of iodine solutions of peptone 
and other organic substances were kno\ra to me before the presenta- 
tion of tlie test So far as a solution of peptone admixture was con- 
cerned my co-i\ orkers and I guarded against this shortly after the test 
vas ad\'anced which was several months before the time of publication 
of the article by a procedure which I shall mention Because the other 
factors could not be controlled (they were judged as insignificant), the 
modification of Piersol Bockus and Shay- Mas M'elcomed These 
obseners dewsed a means of estimating separately all such factors as 
might be present a matter Mhich seemed most desirable, especially in 
tliat it was scientificallv appealing and seemingly of advantage in making 
the test more accurate 

CONTROL OF RETURN OF PEPTONE SOLUTION 

In tlie first place, one must make certain, by the use of the fluor- 
oscope, that tlie tip of the duodenal tube is definitely in the duodenum 
Other means of judging this are not accurate enough for tlie test After 
the iniection of 75 or 100 cc of solution of peptone (iihich should be 
done sIomK so that the solution mtU not floiv back into the stomach), a 

*Reaa before the Section on Gastro-Enterology and Proctologj at the 
Seierti -Eighth Annual Session of the American Medical Association, Washing- 
ton, D C,Ma 3 20, 1927 

1 Bassler A Quantitatne Test of Digestne Pancreatic Activitj, Easily 
Applied Qinicalh , Tests for Volume of Pancreatic Juice and Bile Secretions, 
Arch Int. Med 35*162 (Feb) 1925 

2 P’crsol, G Id Bockus, H. L, and Sha 3 , H H Value of Starch-Iodine 
Reaction as a Test of Pancreatic Function, Arch InL Med 37 431 (March) 1926 
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jet of air is sent thiough the tube to drive out the solution of peptone 
which would be held in it by capillary attraction The tube is then 
clamped off for at least thiee minutes, 30 cc of sterile water is then 
run through the tube, an is blown through it again, and the tube is 
clamped off foi five moie minutes before aspiration for a specimen 
IS begun 

The duodenum is capable of handling only a small amount of fluid 
at a time, and if this is injected too quickly, there is danger not only of 
fluid enteiing the stomach, but of its being residual in the duodenum for 
several minutes The latter is a lesult of three factors a delay to 
onward transit at the duodenojejunal angle, reverse peristalsis in the 
duodenum and a static state m the duodenum from quick distention, 
which lasts a few seconds 

When the aforementioned technic is used, a confusing return of 
peptone rarely occurs , this makes the procedure as suggested a satis- 
factory loutme for clinical work, as my experience has shown Since 
I adopted this method two years ago, it has been unsatisfactory in but 
one instance , in that case the duodenum was widely dilated from obstruc- 
tion in the third part For all practical purposes one may take it for 
granted that if the tube is cleared as mentioned, the fluids injected slowly, 
the duodenum given time to empty itself before aspiration for the 
specimen is begun and enough pancreatic juice obtained for testing, a 
specimen is secured in which the factor of the return of peptone can be 
eliminated 

The next suggestion that Pieisol and his co-workers made was that 
secretions from the duodenum itself contain a diastatic ferment that 
would interfere with an accuiate estimation of the panel eas There is 
no doubt that the succus entericus from the duodenum is of considerable 
volume and, like all fluids of the body, must contain lodine-combining 
factors Its diastatic power, however, has never been proved, and it is 
reasonable to assume that its combining powei is not greater than that 
of bile or any of the other fluids of the body At present it seems 
impossible to devise a means to obviate this or even to prove its 
presence The starch-iodine method for work on the body fluid in 
estimating diastatic feiments, which I shall present later, needs con- 
siderable revision 

Doubt was then expressed concerning the piactical value of the test, 
this IS brought out more by Piersol’s method of estimation, in which the 
lodine-combimng factors which are used separately bring one back to 
these authors’ basis of suggesting this modification and the means 
employed to accomplish it 

After the modification was advanced, all the returns from cases were 
examined by two procedures , that is, the original method was used, and 
then the correction of this method by separate estimation of the iodine- 
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combining factors and b} calculation of the result accordingl} As a 
consideiable number of fluids were to be observed, it became advisable to 
ha\e a schedule so that the modification could be made more quickly, 
therefore the schedule given in table 1 was employed for the purpose 
Records of more than 1,400 cases in which tests ivere made before 
the modification was emplo3ed showed a stiilang difference in lesults 

TABLr 1 — Additions of Iodine foi the Basilct lest (Accoiding to Picisol et al ) 
in Estimating lodine-Combining Faetois in Duodenal Returns in Amounts 
of Centimeters of Twenty-Fifth Normal Solution of Iodine Requited 
to Take Cate of the Uiual One Drop (0 05 ec ) Plus the 
Coircction foi Combining Faciots 


dumber ol Is umber ot Tube (Piersol et nl ) 

Bassler , 



Tube 

1 

o 

3 

4 

5 

6 

7 

S 

9 

10 

10 


OOG 

0 07 

0 08 

009 

010 

on 

012 

013 

014 

015 

9 


OOGl 

0 072 

O0S3 

0 094 

0105 

0116 

0127 

0138 

0149 

016 

8 


0 0G25 

0 075 

OOS75 

010 

01125 

0125 

0137 

015 

01625 

0175 

7 


ooei 

0 078 

0 092 

0106 

012 

0134 

0148 

0162 

0176 

019 

C 


0067 

OOSt 

0101 

0118 

0135 

0152 

0169 

0186 

0 203 

022 



0 07 

009 

oil 

013 

015 

017 

019 

0 21 

023 

023 

i 


0 075 

010 

0123 

015 

0175 

020 

0225 

0 25 

0 275 

03 

3 


00S3 

0116 

0119 

0182 

0 215 

0 248 

0 281 

0 314 

0 347 

038 

2 


01 

015 

0 20 

023 

0 30 

035 

0 40 

0 45 

0 50 

0 55 

1 


013 

025 

035 

0 45 

0S5 

065 

0 75 

085 

0 95 

1 05 


Table 2 — List of Twenty Consecutive Cases in Which the Ouginal Bassler Test 
and the Piet sol et al Modifieation Weie Peifoimcd 


Case 

Bassler Orig- 
inal Units 

Piersol Achromic 
dumber ot Tubes 

Bassler-Piersol 
Revised (Units) 

1 

10 

2 

0 

2 

10 

> 

0 

3 

4 

1 

0 

4 

20 

3 

4 

5 

20 

1 

0 

6 

20 

1 

0 

7 

20 

2 

0 

8 

20 

2 

0 

9 

20 

2 

0 

10 

20 

2 

0 

11 

20 

2 

0 

12 

0 

2 

0 

13 

6 

1 

0 

14 

10 

2 

0 

15 

16 

3 

0 

16 

2 

1 

0 

17 

20 

4 

0 

IS 

4 

1 

0 

19 

20 

3 

6 

20 

16 

3 

0 


The records of the first twenty cases in which the modification was used 
seived amply to discourage further attention to the modification 
(table 2) 

It is appaient from a glance at the negative figures in the third 
column of results as compared to that in the first and from the incon- 
sistencies in practically all of the results that the only deductions possible 
are either that the original method is in error the Piersol et al modifica- 





B ASS LER~1 ODIN E-ST ARCH TEST 


21 


tion proving it, or that the Piersol modification is in eiror Therefoie, 
this modification was not of any value m this work and if depended on 
would lead only to hopeless and nullified results I cannot explain the 
positive unit readings in the Piersol column in cases 4 and 19, but it 
must be plainly evident that these aie made negative by the others in 
which a 20 unit leading is also found when the original method was used 
and no units when the modification was used In such an indirect 
method of obtaining specimens foi examination and in a test of this 
kind, theie aie so many factors impossible of contiol that the modified 
readings, as m cases 4 and 19, aie liable to be worthless Observations 
made b}’’ 1113 self and my co-workers, however, as well as the experience 
of others with the Piersol et al modification, prove that uniformly 
negative or low unit lesults aie obtained, and since there was so much 
clinical value in the cases studied and examined by the original method, 
investigations were made to deteimine the leasons for the failure of the 
Piersol modification 

IODINE AS A COMBINING SUBSTANCE 

Iodine is found m piactically all animal, vegetable and maiine life 
Conspicuous with the halogens, it possesses a lemarkable ability to 
combine readil}'’ uith nonmetallic (organic) and almost all of the metals 
forming iodine compounds This affinity is so strong that even with 
water it will combine with the hydrogen molecule and form hydnodic 
acid on standing When in practically its pure form (aqueous or alcoholic 
solutions) and in contact with any tissues or pioducts of them, its 
penetrability and combining power aie well known The products 
derived from the duodenum aie complex, almost all of the organic 
materials possessing an lodme-combining power Iodine unites with 
maltose and dextiose (the end-sugais of the digestion of starches and 
sugars) with the greatest affinity, with the dextiins somewhat less and 
with starch the least of all , yet iodine will detect the presence of starch 
m aqueous solution in only 1 in 400,000 paits, which of course works 
inversely when starch is used to detect the presence of free iodine 

BOILED STARCH AS A STABLE SUBSTANCE FOR 
TESTING DIASTASE 

In its dry state, staich is a stable substance, the same may be said 
when it IS suspended in cold water before it has had time to hydrolyze 
and before the gianules have been more or less broken up When the 
starch granule is broken by heating in water, the tegumentary portion 
(amidin) automatically undergoes moie or less conversion into the 
dextrms This is due to a chemical modification of the original starch 
brought about by the combined agencies of water and heat, to which 
changes may occur due to the enzymes which are contained in the 
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nicasement of the starch granule and Inch are not destro} ed by heat, 
or ttinch become acti\e again on cooling It is true that ttater and heat 
generate a starchy substance which ratlier quickl} changes in part into 
the dextrins, hot\e\er, the amount of starch in such a solution that 
IS sensitite to iodine is sufficient for a sensitive test When a converting 
substance like am\ lopsin or diastase is present, howei er, the conversion 
IS more rapid Of especial interest is the fact that an enzyme comeits 
only a certain portion of the starch, so that such a solution contains all 
of the substances from starch to the end-sugars (or the achro-odextnns), 
and tlius the color that results ranges from the characteristic blue witli 
iodine to no color with the dextrins and the sugars, the latter of which 
ha\ e the greater combining powder When small quantities of iodine are 
added to such a solution, the sugars and the dextrins take it up first , it 
IS not until they are saturated that a blue color is seen on the starch, 
wdiich IS alwa}s present in the solution Of further interest is the fact 
that the iodine-starch combination as it breaks dowm into the dextrins 
will gne the iodine to the dextrin (or the sugar) , thus the color will 
gradually fade, and unless more iodine is added, blue is not produced on 
the starch present 

The facts mentioned in the twm foregoing paiagraphs caused much 
confusion in the early days of tlie test and explain the statement made 
by Piersol and his assoaates, namel}’-, that “a marked variation in the 
reaction could be produced by var3nng the amount of iodine added ” It 
IS strange, therefore, that since they knew this fact, they did not utilize 
It for recognition in the modification they suggested, and that they 
arranged the modification by adding these extra amounts of lodin, thus 
defeating the purpose they desired to achieve Any variation in the test 
must not include additional amounts of iodine in the tubes used in the 
onginal test No more than one drop of twenty-fifth normal solution 
of iodine should e^ er be added to the tubes, which subsequent data will 
prove further The lodine-combimng factors may be estimated sepa- 
rate!} , and wnth the test performed as originally planned, a method of 
computation may be de^ ised that would obviate this factor of error , but 
this metliod must be one which does not necessitate the addition of more 
iodine to the original tubes As wall be showm presently, even then it is 
doubtful that anv procedure which employs starch with iodine to esti- 
mate lodine-combinmg substances, other than enzyme activit}’’ (which 
has factors of error in itself), will be valueless 

ORIGIXAL TEST OX SUBSTAXCES OTHER THAN 
P VNCREATIC JUICE 

It may now’ be in order to report some of my early observations and 
some that have been made recently It has long been believed that a 
diastatic ferment pervades the body generally and is present in all of its 
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fluids and tissues With the bile of cows, Pieisol and others proved that 
positive readings could be made on the bile with the original iodine-starch 
test (a matter which is confirmed subsequently) Tests were made of 
the various constituents in concentrations as they occur in the bile of 
human beings, as it was hoped that one or more of them might be 
identified in special ways The results in the original and modified test, 
as given in table 3, prove that the mam constituents of bile do not have 
a combining or converting power 

Various tests weie then made on the bile of a number of freshly 
slaughtered animals and of persons on whom operations had been per- 
formed In order to understand these figures, it must be remembered 
that the bile employed was always the concentrated form contained m 
gallbladders, in which there was much mucin and coloring matter (both 
of which have high lodine-combinmg powers) , it was not like the bile 


Table 3 — Results tn Estimating lodxne-Comhmmg Powers of Constituents of 

Bile in Solutions 


Piersol et al Bassler 
Substance Acbromic Tubes Units 

Oholestenn, 0 00 per cent solution None 0 

Lecithin, 0 03 per cent solution None 0 

Glycocliolic acid, 0 03 per cent solution None 0 

Sodium glycocholate, 0 SO per cent solution None 0 

Sodium taurocholate, 0 30 per cent solution None 0 

Artificial bile containing parts in 100 bile salts, 0 03 per cent (con- 
sisting of glycocholatc 0 03 per cent, taurocholate 0 3 per cent), 
cholestenn, 0 00 per cent, and lecithin 0 03 per cent, all rendered 
alhaline pith 1 5 per cent sodium bicarbonate m a 1 5 solution None 0 


m the duodenum, especially the diluted form found in a specimen 
obtained during the test There is no known test or method for the 
estimation of the amount of mucin, the hydrometer is valueless in 
maintaining an estimation on the basis of specific gravity, no matter 
how viscid or thin the specimen may be It is possible that tests of 
viscosity would have been of some assistance, but they were not made , 
therefore, the only value of the unit readings was to prove that the mucin 
and other organic substances, because of the high lodme-combining 
powers, would give such high readings The tests were made particu- 
larly to get an idea of this combining power and to compare it with that 
of other body fluids, to compare the results obtained with the original 
test and with the modification of this test and to prove or disprove a 
point that was raised by Lyon® that substances from the pancreas 
might be mixed with the bile while it is still in the biliary tract. 

These observations prove that bile, like other body fluids, contains 
lodine-combining substances , again the inconsistencies between the modi- 
fication and the onginal test are shown by the fact that normally there 

3 Lyon Personal communication to the author 
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5 no psncreat c ja’ce admixture in the bihar\ s}5tem /"because if there 
’^'cre sugar vould ha%e been formed and b}* t\\o important obsen-a- 
tious vd^Ich vail be presented later Other substances in fresh normal 
specircns v.cre tested v.ath tlie results sho%%'n m tables 5 , 6 and 7 . 

It must be remembered tliat blood serum from human beings contains 
large amounts of organic substances it contains blood sugar and no 
doubt the greatest amount of diastase Vi-ith the exception of the pan- 
creatic juice The high values are no doubt due to the iodine-combining 
substances otlier tlian diastase Work has been done in order to 
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T-ima 5 — Pci erea‘ c I'Bc'sRrj Test oj Blood Ser’/m jroir Hu, nan Bcirgs 
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estimate tiie proportions b}' precipitating the proteins and by estimating 
tne sugar and the suggestion is tiiat the enzyme factor in the test is 
about one fourth of tiie figures sbonm in table 5 

Xomna'/ feces contain approximately 10 per cent albumin, carbo- 
nyd'ates a^’d fats The material cast off from the ivalls of the ahmen- 
tan canal (mucus cells etc ) rvith the food albumins and sometimes 
sugar could easily account for tnese figures A trivial amount of 
diastase ferment is prooably contained in feces; there is no va}. hov.- 
e er to estimate this If it is present ( this is as doubtful as its presence 
m unre j. it does not represent more than one third of the figures shov,n 
in table 6 
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The low figures shown m table 7 represent chiefly lodine-combining 
factors (bilirubin, cast off cells, cyhndroids, leukocytes, urates and 
others) It is believed that if diastatic enzyme is present, which is more 
than doubtful, it is so trivial as not to show in the test 


PANCREATIC JUICE IN THE DUODENAL RETURN 

The results obtained when employing the Piersol modification, some- 
times because the proper strength and amount of iodine solution to be 
added have not been estimated carefully or the possibility of a peptone 


Table 6 — Pana eaiic (Basslo) Test of Fiesh Human Feces (5 Cm Solid Feces 
Macoatcd vi 10 cc Not mal Physiologic Sodium Chloitde) 
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0 
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Table 7 — Pancieatic (Basslci) Test of Fiesh Specimens of Human Uiine 
(None Containing Sugar oi Albumin) 
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2 
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solution admixture has not been considered, have raised the question 
whether pancreatic juice is obtained The many tests that have been 
made, especially the usual chemical and laboratory methods for proving 
the presence of maltose or dextrose, have proved that, according to the 
presence and the amount of amylopsin existing in the specimen, sugar is 
promptly formed when it is added to the starch A point of much 
interest in this connection is that unless amylopsin or some other type 
of diastatic ferment is present, irrespective of what type or how many 
lodme-combining factors aie also present, the ferment is essential for 
the formation of sugars This fact is the basis of a new method of 
estimating the enzyme, which up to the present has not proved satis- 
factory The saccharogemc methods and Martin’s recent article will 
be discussed later 
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Two important matters have engaged my attention for the past three 
jears They are so revolutionarj' and contradictory to what has been 
taught and believed that the)’- suggest reinvestigation and revision not 
only of the starch-iodine tests, hut of the whole subject of diastatic 
enz}Tnes as well 

DI\STATIC ENZYMES IN THE BODY AND THEIR ESTIMATION 

Diastahc Enzymes in the Body — The starch and iodine test has 
been employed from the beginning of my experiments and obser- 
vations Since the test of detecting iodine by starch and its 
reverse purpose was discovered by Conhn and Gaultier de Clanbry, 
and the technic of this quantitative test against enzymes by Wohlgemuth, 
innumerable analyses of body fluids have been made by them, 
because of the comersion of starch, they believed that diastatic 
ferments were present and were the cause of the change So far as I 
can learn, consideration was not given to other substances in the fluid 
that would combine with iodine before the starch (the dextnns and 
sugars), to the presence of lodine-combining factors of organic nature 
which would have to be saturated before a blue color would result or to 
the automatic change that occurs in a boiled starch solution , these con- 
siderations, would, of course, seriously interfere with definite conclusions 
In the light of my observations too much was taken for granted in all this 
work , therefore it will have to be done again more accurately 

Of all the factors liable to cause error in the starch-iodine test, 
especially when it is employed to test for the presence of a diastatic 
enzjme, the most important one is the greater affinity of dextnns and 
sugars for iodine as compared to that of starch, and the contained 
organic substances which also become saturated before starch does 

ESTIMATION OF DIASTATIC ENZYMES 

The three great enzymes are the proteolytic, diastatic and lipolytic 
While there are phenomena that suggest the presence of a so-called 
lipase, the presence of such an enzyme has never been proved, nor has 
It ever been isolated In a recent article ^ it was shown that all the 
changes from neutral oil to the production of fatty acids can be 
accomplished by veak alkalis alone As with rennin, the assump- 
tion of its existence is not justifiable, and it is possible that a true 
hpohtic enzjTne does not exist All pioteol)’tic enzymes are dual in 
their action of comersion This is true of the one in the stomach as 
veil as of that in the pancreatic juice, both of which lequire outside 
actuation, that of the stomach from the hydrochloric acid and that of 
the pancreas from a product of the duodenal mucosa (enterokinase) 


4 Bassler, A , and Lutz, J R. Am J M Sc 168 869 (Dec ) 1924 
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The action of all proteolytic enzymes, however, is slow, perhaps because 
their function is to break down a most complex substance found in native 
proteins My experiments to increase the speed of this action proved 
that It depends on the incubation as well as on the length of time As a 
geneial rule, this is not tiue of the diastatic feiments and in my work 
on diastatic activity with specimens from human beings and from ani- 
mals, I found that m their action diastatic feiments closely correspond to 
a catalyzer, the action lequiies no time, incubation is almost unnecessary, 
and it occurs at any reasonable tempeiatuie, even one that is considerably 
lower than that of the body If one prepares tube 1 in the original 
test (namely, adding 1 cc of duodenal return to 4 cc of the starch solu- 
tion), shakes it at once and tests for sugar with Benedict’s or Fehling’s 


Table 8 — Tests of Duodenal Returns (Containing Panel eatic Juice) Showing 
Immediate Pi oduction of Sugai, and Compai isons of Figuies Obtained 
Immediately and Aftei Incubation 



1 Cc Duodenal 

Immediate Units, No Incubation 

Incubation, 

Incubation, 


Return, 4 Cc , 

r 


SO Minutes, 

60 Minutes, 


0 S% Starch 

Read 

Read After 

Read After 

Read After 


Solution, 

Imme 

Standing 

Standing 

Standing 

Case 

Sugar Present 

diatelj 

20 Minutes 

20 Minutes 

20 Minutes 

1 

+ 

10 

20 

20 

20 

2 

+ 

12 

20 

20 

20 

3 

4* 

6 

10 

16 

20 

4 

Slight trace 

0 

0 

4 

4 

5 

+ 

10 

IG 

20 

20 

G 

+ 

14 

20 

20 

20 

7 

Trace 

2 

8 

8 

10 

8 

+ 

4 

10 

20 

20 

0 

+ 

2 

8 

14 

16 

10 

++ 

14 

20 

20 

20 


solution, the sugar reaction will somewhat depend on the amount of dia- 
static ferment present , the test, however, is not accuiate Incubation for 
considerable periods of time does not cause a much greater reaction All 
that IS necessary is to allow the mixture to stand for a minute or two 
at room temperatuie, and definite conversion will occur 

The points made in the foregoing paragraphs evidently weie not 
taken into consideration when a sepaiate estimation of the lodine-com- 
bining factors was devised, and piove that there should not be modifica- 
tion of the original test unless some other than the starch-iodine method 
IS found The test as advanced is not offeied as a perfect procedure, but 
compared to the other methods so far devised for the puipose, it is 
clinically the best one at piesent Even with its possibility for errois, 
it has served m many instances both as an aid to diagnosis and as a source 
of suggestions for treatment Like all laboratory methods, it no doubt 
IS of most value when it is positive It is a quick, inexpensive and fairly 
good means of estimating the activity of the pancreas, it is often 
of value in diabetes mellitus and in pathologic changes in the gallbladder 
as the concluding lists will show Finally, as Dolley ® has also suggested 


S Dolley Am J Anat 35*153 (May) 1925 
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m his obser\ations, there is no basis for the belief that there is unequal 
secretion of the enz 3 *mes , since histologicall}’- all tlie cells are similar, they 
go through the same stages of rest and acti\it} ]\Iethods by which 
all of the enz}me activities are estimated separately fail through their 
own errors and are unnecessary and time consuming, general!}, their 
use IS to be discouraged I believe that all that is necessar}’’ in order to 
judge the actnit}' of the pancreas is to make estimations of the 
am} lopsin 


PROGRnSS M\DE SIXCC TEST WAS SUGGESTED 

^lellanby ® conducted an extensive series of experiments on the 
mechanism of the extemal pancreatic secretion He showed that the 
entrance of h}drochloric acid into the duodenum does not constitute 
the essential stimulus for pancreatic secretion as was the belief of 
Popielski," but that if an extract of the p}loric mucous membrane is 
added, a copious seci etion occurs By anah zing this action, he seemed 
to prove conclusively that the effect was due to the introduction of bile 
into the duodenum, the acid extract of the pyloric mucous membrane 
caused this bile to flow and to produce an adequate reaction The 
essential factor was the cholic acid contained in the bile salts, since the 
injection into the duodenum of pure sodium cholate which leacted 
adequately led to a large secretion of pancreatic juice He also proved 
that mucin dela}s the absorption of bile salts, prevents its hemolysis of 
the red blood cells and prolongs the action on the panel eas An impor- 
tant point discorered is that the injection of acidulated bile into the 
duodenum does not always cause an active pancreatic secretion, and 
further, that the state of alimentary activity exercises a great influence 
on the capacity of any given bile to e\ oke a pancreatic secretion In a 
cat recentl} fed (within four hours) there was a large secretion of pan- 
creatic juice after the injection of slightly acidified {pn 6 5) bile into 
the duodenum If hovever the cat had not been fed for twent}'-four 
hours, the effectne pancreatic stimulant would have been an injection 
of alkaline (pn 8) bile into the duodenum 

Accepting Bayhss and Starling s ® conclusions it is Melianby’s con- 
tention that secretin is important for pancreatic activity This author 
shows that cholic acid is operative only m the duodenum, that its absorp- 
tion is prompt, and that ^Mth its resorption the secretin passes into the 
blood and from thence to the pancreas, and that the immediate pancreatic 
stimulus is secretin carried to the pancreas by the cholic acid In their 
passage through the intestinal mucosa the bile salts absorb the secietin 


6 Mellanb's, J Lancet 2 215 (Julj 31) 1926 

7 Popielski Arch f d ges Ph>siol, 1901 

8 Ba\liss and Starling J Phjsiol 28 325, 1902 
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contained in the cells of the mucosa and carry it into the blood and by 
this means to the pancreas In this neither the vagus nor the sym- 
pathetic nerves aie operative, and the secretin in the blood is the only 
mipoitant factor 

Experimenting along these lines with human beings, I found that bile 
fiom man diluted five times with 1 5 per cent solution of sodium bicar- 
bonate pioducted an active flow of pancreatic juice m fifteen minutes 
At first I believed that the introduction of bile into the empty stomach 
would be iintating and perhaps cause \omiting, especially if there was 
aad in the stomach, this can easily be considered nonexistent, because 
the empty stomach (even m health) often contains bile regurgitated from 
the duodenum It, therefore, was not proved to be tiue If residual acid 
IS present, the acid piecipitates the bile salts and pi events absoiption until 
it IS neutralized again m the duodenum Lecithin (which is difficult to get 
into solution) injected directly into the duodenum is destioyed and not 
absorbed m the blood As specimens of fiesh bile from human beings 
are difficult to obtain and to keep fresh, one dislikes to employ them 
because of the danger of carrj mg infection, and since ox bile is intensely 
irritating to the alimentary canal of man, the commercial salts of bile 
was emplojed In a mixtuie of the gtycocholate and taui ocholate, the 
commercial salts proved to be as efficient as bile from human beings and 
pure sodium cholate solution As none of the constituents of bile seems 
to have any lodine-combming poweis, it was deemed best to use an 
artificial bile (in which the lecithin was omitted) the formula of which 
IS presented m the list of artificial bile (table 3) The results thus far 
prove that this is a poor clinical means foi stimulating the pancreas, only 
indifferent specimens for testing being obtained in from five to fifteen 
minutes after its introduction into the duodenum 

The next phase of this subject seems confusing but really is not 
Mellanby has shown that bile itself is the natuial stimulant for pan- 
creatic secretion Solutions of peptone aie most active in stimulating 
the flow of bile, almost as actn e as solutions of magnesium sulphate In 
early work with magnesium sulphate and solutions of peptone the 
comparison showed that solution of peptone was a better stimulant to 
employ so far as the pancreas was concerned, magnesium sulphate being 
more valuable for the biliary system In many instances when solutions 
of magnesium sulphate were employed, and even when the flow of bile 
was active, the unit figures were low, in other instances, they were 
iiiegular It is possible that even when an active flow of bile is pro- 
duced by magnesium sulphate, the salt will in some way inhibit pan- 
creatic secietion in the shoit time that it takes to obtain a suitable 
specimen I agiee with Martin ® that when peptone solution is employed, 

9 ^Martin, L Biliari, Pancreatic and Duodenal Studies 39 343 (March) 

1927 
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the A fraction ma} be rather umformh* employed in the test, and ■s\hen 
magnesium sulphate is used, the B fraction may be more uniformly 
potent in pancreatic juice If there is any fear that peptone admixture 
ma} be a confusing factor when irregularity of pancreatic flow is 
caused b} tlie use of magnesium sulphate, properly bicarbonated artifiaal 
bile ma} be empIo}ed especially since the salts of bile have no lodine- 
combining powers 

In a recent article by IMartin, the saccharogemc method is preferred 
to die am}loclastic method for estimating tlie diastatic enzyme of the 
pancreas In the earl} da} s of my w ork, sugar w as added to the starch 
solution emplo}ed and a quantitatne estimation by Benedict’s solution 
was made after the solution used had been incubated and shaken three 
times I could not secure uniform results wnth different quantities of 
duodenal return even when I emplo}ed buffer solutions from /’h 6 7 
to 7 6, and it made little difference whether I used these in small or 
large quantities In tlie first place, there w'as an actn ity of the enzyme 
with small quantities of duodenal return wdiich in most instances 
would not be increased with larger quantities, in other instances there 
w as a slight increase, but this had usually disappeared in the third and 
fourth tubes In the second place, wnth all alkaline copper solutions 
used (such as tliat of Fohn and Wu w'hich IMartin employs), the dex- 
trose formed had 100 per cent reducing effect on tlie copper solution and 
the maltose formed only about 76 per cent These two facts introduced 
a most serious ^a^ance, and e\en w'hen the picric acid method of 
estimating sugar was employed (as in blood chemistr}’’), tins ^a^ant 
could not be controlled in whate\er dilution it was used, although a 
dilution of not more than 1.500 was employed (Martin suggests 
1 600) All m} earl} work was done according to saccharogemc 
methods These seemingly are more scientific and deal with a definite 
substance in sugar rather tlian with one that varies, such as starch con- 
\ersion through the dextrins The results, howe\er, were so varying 
and be} ond understanding and control that the am} loclastic test became 
the preferred one and is the one I would recommend In this connec- 
tion I am satisfied tliat ^Martin is correct in suggesting the emplojment 
of the B fraction If this is defiaent, both the A and C should also 
be estimated before a final conclusion is made I also agree with Martin 
that “storage of the gland,” which I formerly believed occurred, is more 
theoretical than actual I ha^e learned that it often takes longer to 
stimulate pancreatic secretion , in a few instances the time is as long as 
from ten to fifteen minutes after the stimulant is introduced This is 
the time in which the B fraction is obtained in an ideal performance 
There are distinct!} three t} pes of pancreatic flow' after stimulation the 
prompt the a\erage and the slow. In these the highest contents of 
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pancreatic juice would roughty correspond to the A, B or C fractions 
In my work the three fractions were kept separate Fust the A 
fraction was examined, if this was normal, I did not proceed, but if this 
was low, I examined the B and C fractions The figure expressing the 
units IS the highest figure obtained m any one fraction, in the list of 
cases that follows this was the loutine throughout, the fraction used not 
being mentioned 

CLINICAL EVALUATION OF THE PANCREATIC TEST (ORIGINAL) 

For this purpose, four types of more than 100 cases in which the 
test was performed have been listed In this group there was one case 
of sarcoma of the body and of the tail of the panel eas (which gave a 2 
unit reading), an instance of pancreatic fistula following an operation 
for hemorrhagic pancreatitis (which gave a 6 unit reading) and one 
case of chronic pancreatitis (which did not give any unit reading) The 
unit leadings were so low that they were excluded from the list In 
addition to this, determinations of serum bilirubin and cholecystography 
were performed in groups 2 and 3, it is not essential to report these 
obseiA^ations in this connection The groups are as follows 

Group 1 This group included instances of diabetes mellitus, m 
which condition it is well known that disorder or disease of the pancreas 
frequently occurs, it was theiefore deduced that if a disorder of the 
islands of Langerhans was affcectmg the quantity of the internal secre- 
tion of the gland, a more or less geneial disorder of the cells of the 
whole pancreas might exist It was assumed that by testing the external 
secietion of the gland in proved cases of diabetes mellitus, clinical values 
of its usefulness would be deteimined It may be recalled that in many 
instances patients with diabetes mellitus have disease of the biliary 
system, especially gallstones, and while none of the patients gave any 
suggestions of disorders in the biliary tract, the Lyon-Meltzer method 
of examination was employed as a check so far as this might be valuable 
and in no sense as a means of examination for the diagnosis of diabetes 

Group 2 In a small series of instances of verified biliar)’ disease, 
all the patients n ere carefully examined at operation The object was to 
note the incidence of unit values m those in whom the head of the 
pancreas was definitely thickened, stiffened or hai dened, a matter which 
different surgeons variously estimate according to the results of their 
examination and the personal equation It is reported that pathologic 
changes in the gallbladder are found in from 3 to 20 per cent of the 
patients who have been operated on for disease of the gallbladder The 
deficiencies of the pancreatic test for purposes of diagnosis, the incon- 
sistencies between it and the Meltzer-Lyon method of examination, and 
the extent to which the Meltzer-Lyon method was positive were noted 



32 


ARCHIVES OF INTERNAL MEDICIAE 


Group 3 In this group was included a series of clinical cases of 
disease of the biliar} tract, all the patients had digestive sjmptoms of 
direct or reflex t}pe and all had localized symptoms of pam under the 
right costal margin vith objectne pain or distinct tenderness on physical 
examination A careful anal^'tical histor) was obtained m all cases, and 
a differential diagnosis was made in order to ascertain that the right 
kidnei and the appendix were not diseased and that there was no 
pathologic condition in the colon All of these patients were also studied 
by means of the roentgen ray and bilirubin tests of the serum were 
made, unless the s3mptoms showed conclusively that disease of the 
biliary tiact was present, the cases were not reported in this group The 
object was to obtain an average unit reading to compare with that of 
the group of patients without pathologic changes in the gallbladder, and 

Table 9 — Panacahc Uint and Mcltcer-Lyon Test m Diabetes (Group 1) * 


Case 

Diagnosis 

ileltzer-Dyon Test 

Pancreatic -Dnits 

1 

Diabetes 

Positive 

S 

2 

Diabetes (marLed) 

Negative 

0 

3 

Diabetes 

Negative 

4 

4 

Diabetes 

Positive 

4 

5 

Diabetes (marLed) 

Negative 

0 

c 

Diabetes (marXed) 

Negative 

0 

7 

Diabetes 

Positive 

4 

s 

Diabetes (marXed) 

Negative 

2 

9 

Diabetes (marXed) 

Negative 

0 

10 

Diabetes 

Negative 

0 

11 

Diabetes 

Negative 

20 

12 

Diabetes 

Negative 

4 

13 

Diabetes 

Negative 

20 

14 

Diabetes 

Negative 

4 

15 

Diabetes 

Negative 

8 


* The pancreatic units avenged 5=; luiits (normal avenge, 10 units), deficiency ovas 
present in SG^ per cent and absent in 13% per cent, the JIcltzerLyon test was negative in £0 
per cent and positive m 20 per cent 


to note the differences and inconsistencies between this method and the 
kleltzer-Lvon method of diagnosis, I also wished to ascertain to what 
extent the Meltzer-L} on method was positive 

Group 4 This group contained a miscellaneous group of patients 
who did not shov am signs of diabetes or disease of the biliary tract, 
the> were careful!} examined for these conditions before being included 
in the group The object Avas to obtain an average unit reading -which 
could be compared with the reading of the diabetic patients and of those 
with clinical t}pes of disease of the biliar}'- tract, it was also to judge the 
efficacy of the kleltzer-Lyon method of diagnosis m negative cases of 
disease of the biliar} tract 

If a unit reading below 10 is considered positive, it is evident that 
the majorit} of patients with diabetes melhtus have a deficiency of the 
external as well as of the internal (islands of Langerhans) enzyme secre- 
tion of the pancreas, in this wa} the \alue of the test is manifest In 
cases 2 5 6 and 9 all readings w'ere negative in pancreatic units, in 
case 8 marked hypopancreorrhea existed In these five cases it was 
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interesting to note that difficult}* was experienced in keeping the speci- 
mens of urine sugar-free or approximately so when the patients were 
placed on diets that maintained normal basal metabolism To accom- 
plish this, It was necessary to give these patients daily doses of insulin 
111 addition to the specified diet It was possible to reduce the dosage of 
insulin about the second or third day when pancreatic feedings of from 
100 to 250 Gm of pickled gland were given daily There was also 
marked general improvement in health, strength and well-being This 
was so striking (m these five cases, as well as in four others) that an 


T\ble 10 — Pancrcafic Units and Heltsci -Lyon Test in Tended Diseases of the 

Gallbladder (Gioiip 2)^ 


ileltzer- Pancreatic 


Case 

Diagnosis 

Dyon Test 

Units 

1 

Chrome cholecystitis 

Positive 

4 

e> 

Chronic cholangitis 

Positive 

12 

3 

Chronic cholecystitis 

Positive 

2 

4 

Chronic cliolecj stitis 
(with stones) 

Positive 

i 

5 

Chrome cholecystitis 
(with stones) 

Negative 

6 

6 

Chronic cholecystitis 
(with stones 
and ulcer) 

Kegative 

2 

7 

Chronic cholecystitis 
(with stones) 

Xegative 

6 

S 

Chronic cholecystitis 
(luth stones) 

Negative 

10 

‘) 

Chronic cholecystitis 
(stones and gastric 
carcinoma) 

Positive 

10 

10 

Chronic cholecystitis 
(with stones) 

Negative 

IS 

11 

Chronic cholangitis 

Xegative 

0 

12 

Chronic cholecistitis 

Positive 

0 

13 

Chronic cholecvstitis 
(steadj jaundice) 

Positive 

2 

14 

Chronic cholecystitis 
(with stones) 

Xegative 

2-18 

15 

Chronic cholecystitis 

Xegative 

IS 


Operation 

Cholecystectomy, stiffened pancreas 
Gallbladder removed before tests, normal 
pancreas 

Cholecystectomy, stiffened pancreas 
Cholecystectomy, stiffened pancreas 

Cholecystectomy, stiffened pancreas 

Cholecystectomy, gastroenterostomy, ulcer 
attached to pancreas which was firm 

Cholecystectoms , stiffened pancreas 

Cholecystectomy, normal pancreas 

Cholecystectomy (sclerosed gallbladder) par- 
tial gastrectomy, normal pancreas 

Cholecystectomy, normal pancreas 

Cholecystectomy, stiffened pancreas 
Cholecystectomy, stiffened pancreas 
Cholecystectomy, firm pancreas 

Cholecystectomy, stiffened pancreas 

Cholec^stectomy, normal pancreas 


■* Tlie average pancreatic units were (normal low average, 10 units), averaged stiffened 
pancreas were 2% units, the pancreas was considered involved in ten of these fifteen cases 
(about 67 per cent) and not involved in five of these fifteen cases (about 33 per cent), the 
Lyon-Meltzer test was positive in seven of these fifteen cases (about 45 per eent) and negative 
in eight of these fifteen cases (about 55 per cent) 


explanation was sought, while academic, the following explanation is 
worthy of consideration It may be that m diseases and disorders 
of the pancreas causing the condition of diabetes, tlie deficiency of the 
enz}me content of the external secretion in some way brings about a 
deficient type of end-sugars for resorption, the liver cells cannot store 
these sugars , therefore they flow into the general blood stream and 
appear in the urine These sugars can be oxidized by insulin If, on 
the other hand, pancreatic substances are added to tlie digestion to make 
up the shortage m the pancreatic juice, the sugars are hydrolyzed in 
more complete form and are then capable of being stored and oxidized 
iwth lesser amounts of insulin As an argument against this, one must 
consider that in the feeding of pancreatic gland substances some islands 
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of Langerhans are ingested, perhaps these cells contain insulin, which, 
when resorbed, answers tlie same purpose as insulin administered 
h}-podermicall 3 ' 

The mam point, however, is the fact that the pancreatic test was 
accurate as it verified knoivn clinical facts m showing low^ pancreatic 
units in the returns Except in cases 11 and 13, the unit contents w^ere 
noticeabl} loiv or absent, even in the total unit readings, the average 
ivas only 5% units, almost half of the low normal (10 units) As there 
are types of diabetes in which a normal pancreas is found, and since 
both of these cases were of simple types and easity controlled by diet 
alone, they could be excluded from the list, this would then leave the 
average content of the remainder only 3%3 units Manifestly, the 
returns from the duodenum in these patients contained all of the lodine- 
combining factors (wntli the exception of the enz 3 mie that causes starch 
comersion m the pancreatic juice), and yet the value of the test was 
conclusne in the procedure as ongmally advanced 

There w as some doubt concerning the involvement of the pancreas in 
case 9 The caranoma was definitel}’^ located in the pyloric region, and 
there w’as considerable involvement of the glands Decision on this point 
was difficult In case 14 the second unit estimation represents the result 
of a test made fifteen wrecks after operation It is not uncommon (in the 
ideal case) for congestion of the head of the pancreas to subside after 
the gallbladder has been removed, the external secretion (and often the 
internal) becoming normal again However, in this small group the 
a^ erage pancreatic unit is almost as low as that for diabetic patients, and 
the reading for those wuth definite changes in the pancreas is almost 
one fifth of the low' normal figure In all of these cases the icterus 
index w'as above 7, that of case 13 being 28 (Rosenheim’s method 
emplo}ed) In this group, the comparison between the estimation of 
units and the ]\Ieltzer-Lyon method of diagnosis is interesting The 
pancreatic unit estimations are not offered as a means for diagnosing 
disease of the gallbladder, although this test is often valuable in judging 
w hether or not the patient should be operated on rather than treated 
medically It is interesting, how ever, to know' that by the unit estimation 
a higher percentage of clinical value w'as obtained than by the Meltzer- 
L 3 on method The results are conclusive as to the clinical value of 
tlie test 

In this group it w'as decided that operation should be performed in 
cases 9, 14, 20, 26, 30, 31 and 34 In case 9, the patient reported marked 
improvement after medical treatment, it w'as not possible to make a 
second pancreatic test Case 14 w'as not traceable, and in case 20 the 

10 Bassler, A , and Lutz, JR M J & Record (supp ) 122 275 and 321, 
1925 
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operative risk was gieat, a stone being piesent in the pelvis of a kidney, 
the othei kidney had been removed because of a stone, and a discharging 
sinus remained Theie was also marked myocarditis Following simple 
treatment, the patient had not had pain in the gallbladder up to the time 
this aiticle was wiitten (a period of fifteen months) In case 26 opeia- 
tion would have been a mistake, as when constant drainage of bile and 


Table 11 — Pancieahc and MeUsci-Lyon Tests in Clinical Types of Disease 

of the Bihaiy Tiact (Gioiip 3) 


Case 

Diagnosis 

Meltzer-Lyon 

Test 

Pancreatic 

Umts 

1 

Chronic cholecystitis 

Positive 

6 

2 

Chronic cholecystitis 

Positive 

8 

3 

Chronic cholecystitis 

Positive 

418 

4 

Chronic cholecystitis 

Positive 

9 

5 

Chronic cholecystitis 

Positive 

6 

6 

Chronic cholecystitis 

Positive 

6-12 

7 

Chronic cholecystitis 

Positive 

6 

S 

Chronic cliolecystitis 

Negative 

4 

9 

Chronic cholecystitis 

Negative 

4 

10 

Chronic cholecystitis 

Positive 

12 

U 

Chronic cholecystitis 

Positive 

014 

12 

Chronic cholecystitis 

Negative 

G 

13 

Chronic cholecystitis 

Negative 

6-18 

14 

Chrome cholecystitis 

Negative 

2 

15 

Chronic cholecystitis 

Negative 

20 

16 

Chronic cholecystitis 

Negative 

6-20 

17 

Chronic cholecystitis 

Positive 

20 

18 

Chronic cholecystitis 

Negative 

14 

Iff 

Chronic cholecystitis 

Negative 

16 

20 

Chronic cholecystitis 
(with stones) 
Chronic cholecystitis 

Positive 

0 

21 

Negative 

20 

22 

Chronic cholecystitis 

Negative 

6 

23 

Chronic cholecystitis 

Positive 

20 

24 

Chronic choiecystitis 

Positive 

20 

25 

Chronic cholecystitis 

Positive 

16 

26 

Chronic cliolecystitis 

Negative 

2^18 

27 

Chronic cholecystitis 

Positive 

7 

28 

Chronic cholecystitis 

Negative 

18 

29 

Chronic cholecystitis 

Negative 

4 

so 

Chronic cholecystitis 

Positive 

20 

31 

(with stones) 
Chronic cholecystitis 

Positive 

20 

32 

(with stones) 
Chronic cholecystitis 

Positive 

2-12 

83 

Chronic cholecystitis 

Negative 

20 

34 

Chronic cholecystitis 

Positive 

2 

35 

Chronic cholecystitis 

Negative 

10 

36 

Chronic cholecystitis 

Positive 

6 

37 

Chronic cholecystitis 

Positive 

2-10 

88 

Chronic cholecystitis 

Positive 

20 

39 

Chronic cholecystitis 

Negative 

8 

40 

Chronic cholecystitis 

Positive 

6 


* The average number of pancreatic units in all was 9%, the unit readings were positive 
as to the pancreas m twenty-flvo cases and negative as to pancreas in flftcen cases, the Lyon- 
Meltzer test was positive as to the galiblndder in twenty-three cases and negati'^ in seventeen 
cases When two figures occur in the column giving the unitSi the first was obtained before 
and the second after the time of treatment 


treatment were instituted, the patient made a good symptomatic recovery, 
with restoration of panel eatic function In cases 30 and 31, the patients 
were not given any treatment to speak of , they have been comparatively 
free from symptoms and therefore have refused opeiation In case 34, 
the patient had an extensive pulmonary tuberculosis, and the value of an 
operation was questionable 
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The a\erage unit readings of the \\hole group \\as 93^ , fifteen cases 
in \\hich the units A\ere normal or abo\e and t^\ehe in which thev were 
of the highest range possible i\ere included in this group The test in 
62 5 per cent of this group showed that diseases of the gallbladder 
existed ^\hlch affected the pancreas, it showed that only 37 5 per cent 
\\ere free from these conditions In the cases Deaver reported, the 
pancreas was imolved in 4 6 per cent of the instances of disease of the 
gallbladder, and in practical!}* one half of the cases glycosuria was 
present before operation These figures for the pancreatic test are 
strongly suggestn e of the fact that in diseases of the gallbladder func- 
tional disturbances of the pancreas represent a much higher incidence 
tlian this, and that some of the congestive or hyaline t}pes of pathologic 
conditions of the acni are not palpable at operation It is Avell known 
that gl}cosuria as a s3mptom of pancreatic disease is not a dependable 
clinical s} mptom, because most often it does not exist in general disease 
of the gland , if it does, it is usually transient It is interesting to note 
in this group that the unit figures are e\ en more valuable clinically in this 
indirect means of estimating pathologic changes in the gallbladder than 
in the more direct means of the Meltzer-Lyon method The incon- 
sistencies between the tw^o in individual cases are not sufficient for me 
to make an} deduction from, especially as disease of the biliary system 
may exist without pancreatic involvement or change in function It 
seems certain, ho^ve^ er, that in disease of the biliary tract the pancreas 
should be examined for additional information, especially in helping to 
decide which patient should be operated on and which should receive 
medical treatment Improv ement has been noted in a considerable num- 
ber of cases of chronic cholec} stitis in which the patients have received 
treatment, especially in cases in which the patients did not have gallstones 
Case 4 was interesting in that there was a transient glycosuria, with 
a blood sugar averaging 0 17 per cent on three occasions This was an 
instance of potential diabetes, although when the patient ate the average 
kind and amount of food the specimens of unne were more often nega- 
tiv e than positiv e when tested for sugar, and when positive, the quantity 
of sugar was always below’- 0 5 per cent In case 5, numerous Welch 
bacilli w ere found and the feces were gram-positive vv’hen the patient was 
eating a normal test diet (saccharobutyric toxemia) This type of intes- 
tinal infection usually causes the blood sugar to become higher than nor- 
mal this IS sometimes true also of the icterus index In this patient, 
both were above normal Case 11 is excluded because the general health 
and weight of the patient improv ed, and the pancreatic units, which were 
not much below normal in the first instance, soon increased In case 
13, it is possible that the pancreas was involved operation was not per- 
formed In case 26 the patient was operated on , a great man} adhesions 
were present, which originated in the first part of the duodenum spread 
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in all diiections The head of the pancieas was felt with great difficulty, 
and it was impossible to state whether oi not it was firmer than normal 
The slight lowering in the pancieatic units in case 33 is not accounted for, 
and I cannot oftei any suggestions , case 35 was probably an instance of 
chronic cholecystitis, but theie weie not enough clinical symptoms to 
wan ant this diagnosis A marked chronic gastiitis existed, with a 


Table 12 — Pana cafic and Mcltza-Lyoii Tests in Nonbihaiy Tiact Disease 

(Gioup 4) " 


Case 

Diagnosis 

Meltzer Lyon 
Test 

Pancreatic 

Units 

1 

Migraine 

Negative 

U 

2 

Bedundant colon, stasis, chronic constipation 

Negative 

12 

3 

Arthritis 

Negative 

20 

4 

Hvpopitiiitarism, hyperglycemia 

Negative 

4 

5 

S iccharobutyne tovemia, chronic diarrhea 

Negative 

4 

6 

Infected tonsils, chronic gastritis 

Negative 

10 

7 

Colonic stasis, menopause 

Positive 

15 

s 

Saceliarobutyric toj,emia 

Negative 

20 

9 

Ptosis 

Negative 

20 

10 

Colitis, ptosis 

Negative 

18 

n 

Ptosis, debility 

Positive 

S-20 

12 

Gastric ulcer 

Negative 

14 

13 

Gastric cancer 

Positive 

6 

14 

Cardiospasm 

Positive 

20 

17 

Keuritis, toxemia, indol type 

Negative 

8 

16 

Colitis 

Negative 

20 

17 

Subacute appendicitis 

Negative 

20 

IS 

Colitis, toxemia, indol type 

Negative 

18 

19 

Toxemia, indol type 

Negative 

IS 

20 

Ptosis, toxemia, indol type 

Negative 

20 

21 

Arteriosclerosis, nephritis 

Negative 

20 

22 

Toxemia, indol tape 

Negative 

20 

23 

Hanot’s biliary cirrhosis 

Positive 

2C 

24 

Ptosis 

Negative 

20 

25 

Ileocolonic stasis 

Negative 

10 

26 

Duodenal ulcer 

Negative 

4 

27 

Toxemia, Indol tjpe 

Negative 

10 

2S 

Toxemia, indol type 

Negative 

20 

29 

Menopause 

Negative 

20 

30 

Saccharobutjric toxemia, colonic stasis 

Negative 

20 

SI 

Saceliarobutyric toxemia 

Negative 

20 

32 

Psychoneurosis 

Negative 

20 

33 

Colonic stasis, epilepsy, debility 

Negative 

8 

3} 

I+osis, colonic stasis, uterine fibrosis 

Negative 

14 

35 

Chronic gastritis, chronic cholecystitis (?) 

Positive 

S 

36 

Ileocolonic stasis, toxemia, mdol type 

Negative 

14 

37 

Gastroduodenitis 

Negative 

20 

3S 

Olironic gastritis 

Negative 

20 

39 

Chrome appendicitis, colonic stasis 

Negative 

20 

40 

Hemorrhagic gastritis, ptosis 

Negative 

16 


* In all cases the average pancreatic units were 15+ , below normal in seven cases (except 
case 7) and above normal m thirty three cases (eveept case 7) , the Meltzer-Lyon test was 
positive in SIS. cases and negative in thirty-four cases 


history of three attacks of catairhal jaundice which had extended over 
a period of seven yeais Even with these moie oi less doubtful cases 
considered in the leckoning, the pancieatic units were 15 plus (the 
normal lange being between 8 and 14, or 10 taken as the low normal), 
and twenty-nine cases were above 14 in unit reading In these cases of 
disease of the gallbladdei in which the pancieatic unit test was negative 
(omitting cases 4 and 35 m the calculation), the Meltzer-Lyon test was 
positive in 4 or 10 per cent 
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These figures of pancreatic units when compared with lists numbers 
1, 2 and 3, strongly suggest the clinical value of estimating pancreatic 
efficiency in diabetes and in diseases of the gallbladder and of the pan- 
creas, as well as the value of the original test Inconsistencies which 
are not explainable will be encountered, but when clinical diagnoses of 
diabetes and of disease of tlie gallbladder and of tlie pancreas can be 
made, this test adds information that is often of signal service when it 
IS positive 

CONCLUSIONS 

A technic is described to obviate the possibility of peptone admixture 
in the specimen 

The Piersol, Bockus and Shay modifications to estimate the lodine- 
combming factors other than those that occur as a result of the action 
of the enz3'me on starch solutions are of no practical value and nullify 
the original test 

Sugars, dextrins and animal substances in solution have a greater 
combining power for iodine than has starch when present in the same 
solution, and it is not until these have been saturated that the charac- 
teristic blue color of the iodide of starch is seen 

Boiled starch is not a stable solution and hydrolyzes considerably 
after cooling This is accomplished by simple chemical change and also 
by the action of an enzyme contained in the encasement of the starch 
granule In the performance of the original test, this need not be 
accounted for To estimate this, as well as all of the lodme-combining 
factors contained in body fluids, a procedure would have to be devised 
wuth this test wdiich would not permit an addition of iodine greater than 
1 minim (0 06 cc ) of the twenty-fifth normal solution suggested in 
the original test 

Constituents of bile in solution, singly or in combination, have no 
conversion power on starch, nor do they contain lodine-combinmg fac- 
tors Natural bile from animals is heav)’^ in combining factors, the 
same being true of blood serum, feces and urine of human beings The 
latter fact has not been taken into consideration in tests for diastatic 
enzpnes in the past, and thus the presence and amounts of such enzymes 
have been too much taken for granted 

Pancreatic juice is present in duodenal returns and does not mix with 
bile W'hile it is in tlie biliary tract 

The action of amjdopsin is that of a catalyzer, and incubation, time 
and heating to body temperature are usually not necessary The end- 
products of its action on boiled starch are sugars, mostly maltose, and 
considerable dextrose 

Dissociation of tlie pancreatic enzymes does not occur in disorders 
and diseases of the gland If amylopsm is deficient, there wull also be 
a lack of tr}*psin 
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As IS true of rennm in the stomach, there is much doubt that a 
ferment called lipase exists in pancreatic juice ‘ 

Mellanby s physiologic obseivations on bile salts, a stimulant that 
causes a flow of pancreatic juice, are confirmed As aitificial bile has 
no lodine-combimng power, it may be employed as a poor substitute for 
peptone (and also magnesium sulphate) for specimens of pancreatic 
juice With the pioper technic, however, peptone solution is the most 
satisfactory and can also be used for specimens of bile For the pan- 
creas, magnesium sulphate is often too variable for testing purposes 
In making the test, employ bile fraction A If this is low, test frac- 
tion B and if this is low, fraction C The efficiency of the pancreas is 
expiessed in the one that gives the highest number of units 

The amyloclastic is superior to the saccharogenic testing methods for 
clinical woik It is simpler and far more accurate 

The original test is of value m diabetes mellitus, both m diagnostic 
and therapeutic ways It helps in the understanding of true pancreatic 
disease A digestive reason for diabetes is presented, and when the 
test is definite, it shows when panel eatic feedings should be employed, 
the dosage of insulin may then peihaps be reduced or discontinued 

A senes of instances of verified diseases of the gallbladder is pre- 
sented in which the test was of diagnostic value and helpful m differen- 
tiating the operative from the medical tj^pe of case, a matter of no small 
moment m chronic cholecystitis 

A senes of clinical types of disorders of the gallbladder is presented 
in which the test was of value These, with the foregoing and the 
subsequent group, show the relative value of testing the pancreas They 
also suggest the limited value of the Meltzer-Lyon method in diagnosing 
these disorders 

I believe that it is advisable to employ this test in clinical work and 
in the way it was onginally proposed Unlike most laboratory tests that 
are of value only when positive, it also has a value when negative It has 
been a distinct help in my work, and on not a few occasions has it 
cleared up a doubt or given a suggestion that was well worth while 

DISCUSSION 

Dr Harry Shay, Philadelphia The disparity between the physiologic 
importance and the low level of clinical information regarding the pancreas is so 
marked that any test accurately determining its functional activity is of value 
However, any clinical functional test must satisfy at least three postulates 
(1) accuracy, (2) simplicity of technic and (3) test function only of organ con- 
cerned I do not question the accuracy of the author’s work, I do not doubt 
the simplicity of the test, but I should like to question its integrity in testing only 
the function of the pancreas There is no doubt that dilution factors from sources 
other than the pancreas must be considered, and it cannot be denied that these 
dilution factors must vary at different times More important, however, is the 
question whether the enzyme which is being tested for originates solely in the 
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pancreas As early as 1876, Grutzner showed that extracts of duodenal gland 
substance from ^arIOus animals showed evidence of a diastatic ferment This 
was confirmed bj Mendeldorf and Glaesner, and, in 1924, by Bergman, Dukes 
and Yarlborough Using the method of preparation of the last named investiga- 
tors, I found e\idence of a aiastatic ferment in the extracts from the mucosa 
and submucosa of the duodenum sirortlj after the death of a patient It, there- 
fore, seems improbable that a pancreatic test based on the diastatic ferment as 
obtained through the duodenal tube can be of great value 

Dr Bassler indicated that there was no necessity for the modification I sug- 
gested I did not hear any mention of the absorption factor of peptone or duodenal 
fluid While it IS true that the bile salts did not show any absorption factors, 
bile, itself, did I w'ould like to know how' Dr Bassler accounts for this 
absorption m the reaction involved m the test for the amylolytic ferment As 
strong a case can be made against the value of a pancreatic test based on the 
determination of pancreatic lipase While the presence of a gastric lipase is not 
settled, man}' physiologists agree that there is such an enzyme The addition of 
gastric secretion to the duodenal contents occurs at many stages in the collection 
of duodenal material for examination According to Starling, gastric amylolysis 
is greatest at the beginning of gastric digestion when concentration of hydro- 
chloric acid has not reached a high degree Is it not possible, therefore, that the 
activity of gastric lipase may be enhanced when it gets into the duodenum, a factor 
which cannot be ruled out in any of the pancreatic tests based on determination 
of lipase^ Of the three enzymes, it remains for trypsin to supply the bases for 
a pancreatic test which is dependent on determination of enzyme My colleagues 
and I are at work on such a test, but, unfortunatel> , we have not had sufficient 
experience wuth it to make any report 

Dr Fraxk Smithies, Chicago It is questionable whether the function of the 
pancreas can be judged bj the estimation of one ferment I am not saying this 
without experience Physiologists who have worked with pancreatic fistulas or 
direct catheterization of the ducts have showm that the several ferments may vary 
at different times, under different stimuli and during different periods of the 
ordinary daily cycle, and that variations occur not only with respect to total 
output, but in the qualitative factor But if one happens to be so excellent a 
clinician as Dr Bassler is, I have no doubt that the results obtained by the 
estimation of one ferment are a certain guide in the diagnosis of disease Per- 
sonally, I should not be satisfied with his test, as a test to be depended on A 
few’ jears ago, using the Gross-Fuld-Wohlgemuth method, I performed many 
hundreds of tests to estimate pancreatic ferments In practically all instances, I 
could demonstrate amylase m “normal” quantity, whereas other ferments were 
often lacking It happened that at that time the “discovery” of a peptid-splitting 
‘cnzjme” m sain a w’as announced I investigated this at the time that I w’as 
working on pancreatic ferments Finally, I showed that if the extracts were 
sterilized before the ferment test w'as applied, practically all of these so-called 
“ferments” disappeared The w’hole picture of this constant amjlolytic activity 
supposedl} due to the pancreas could be mimicked by inoculating sterile extracts 
with the organisms common to the mouth, throat and stomach Hence, it would 
appear that much of the amylolytic “ferment" activity of the pancreas is due to 
nothing more than ordinary starch conversion by bacteria present in nonsterile 
extracts 

Dr Anthoxv Bassler, New York I did not offer this test as an accurate 
one, and I make no such claims for it today, yet as the years have gone by my 
co-workers and I have become more convinced that the test has clinical value. 
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Accuracy in this field of work is difficult When one thinks of all that happens, 
the stimulation of the biliary system, the gallbladder, the liver, the pancreas and 
the associated phenomena that occur in the initiation of digestion, one can see how 
difficult it IS to come to any definite conclusion I have grave doubts about the 
possibility of a dye method being devised to test the efficiency of the pancreas 
I should be delighted to have it occur, but it looks impossible to me We did 
not work on the absorption factors of peptone and duodenal juice We figured 
that the average peptone output of the stomach is approximately 5 per cent We 
simply estimated against that in the beginning of the work As we have never 
been able to acquire a specimen of duodenal juice, except from animals at autopsy 
and in extracts, we do not know what that factor is If one mixes neutral fat 
with a weak solution of sodium carbonate, which is the salt in pancreatic juice, 
one can see, with the microscope, every phenomena of fat digestion that is known 
I have grave doubts that a ferment known as lipase or that the so-called rennin 
in the stomach really exists Formerly, in 100 cholecystectomies performed for 
chronic cholecystitis there were 51 per cent of recurrences We came to the con- 
clusion that we were not selecting operative material wisely enough when selection 
was based on the intensity of the symptoms and the length of history We then 
resorted to this method If I were a patient with chronic cholecystitis and if I felt 
miserable from it, I would want somebody to test my pancreas in this way 
I question verj' much whether I would permit myself to be operated on unless 
the output of the pancreas was low If the output is low and we know that there 
IS a cholecystitis, one can advise operation Since we have adopted that policy, 
there have been only four recurrences in about sixty in which cholecystectomy 
was performed This was accomplished on the basis of the test alone 
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III ACTIVE IMMUNIZATION AGAINST EXPERIMENTAL 
B COLI PERITONITIS 

HARRY GOLDBLATT, MD 

AND 
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Crile Research Fellow in Pathology 

CLE\'ELAND 

In a pre^ lous communication,^ the difficulties involved m the produc- 
tion of peritonitis and especially of fatal peritonitis were pointed out 
It was found” that in dogs the mtrapentoneal injection of virulent colon 
bacilli suspended in gum tragacanth always produced peritonitis which 
vas invariably fatal The purpose of this investigation was to deter- 
mine the possibility of inducing active immunity against this type of 
fatal peritonitis 

EXPERIMENTAL WORK 

Immumcaiton with B Coh Communis by the Peritoneal Route — Twelve dogs 
were injected intrapentoneally with twenty-four hour cultures of Bacillus coli- 
commums in 0 9 per cent sodium chloride In all these experiments B coh- 
commuiiis 300“ was used Four injections were gnen, the intervals between 
successive ones being three days The initial dose consisted of the saline 
washings of one agar slant, and the remaining three doses of two, three and 
four agar slants, respectivelj 

Nine of the twelve animals were injected with living and three with killed 
bacteria Se\en of the nine injected with living bacteria received a peritonitis- 
producing mtrapentoneal injection of B coh in gum tragacanth ten days after 
the last immunizing dose The remaining two animals were injected with the 
bacteria in gum tragacanth four months after the last immunizing dose The 
peritonitis-producing dose consisted of three agar slants of B coh 300 in 40 cc. 
of a 25 per cent suspension of gum tragacanth m 09 per cent sodium chloride 
The nine animals sur\uved 

The three dogs which recened immunizing doses of killed bacteria (by 
heating for one hour at 56 C ) w’ere given the peritonitis-producing intra- 
peritoneal injection fourteen dajs after the last immunizing dose The three 
animals surMved 


From the Department of Pathology, Western Resen^e University School 
of Medicine 
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Six nonimmunized control dogs that received similar peritonitis-producing 
doses of B coh in gum tragacanth succumbed in less than twenty-four hours 
Autopsy of these animals showed severe hemorrhagic serofibrinous peritonitis 
Two additional dogs were immunized by the peritoneal route Ten days 
after the last immunizing dose, one animal was given intravenously one-quarter 
slant and the other one slant of living B coh 300 in 5 cc of 09 per cent 
sodium chloride Both animals survived 

Of two nonimmunized control dogs, one received intravenously one-quarter 
slant of living and the other one-quarter slant of killed B coli 300 m 5 cc of 
09 per cent sodium chloride Both dogs died The control animal injected 
with living bacteria died in three days, and at autopsy showed many abscesses 
111 the myocardium of both ventricles Smears and cultures of the abscesses 
showed B coh The dog injected with killed organisms died in twenty-four 
hours, and autopsy revealed only severe cloudy swelling of the kidneys, liver 
and myocardium 

Iinmuiiicahon with B Coh by the Subcutaneous Route — Three dogs received 
subcutaneous immunizing doses of living B coh in saline solution in similar 
quantities and at the same intervals as did the dogs that were immunized by 
intraperitoneal injections Two of these animals were given the peritonitis- 
producing intrapentoneal injection ten days, and one, thirty days, after the 
last immunizing dose The three animals survived 

Three nonimmunized * control dogs died in less than twenty-four hours 
following the peritonitis-producing dose Autopsy showed hemorrhagic sero- 
fibrinous peritonitis 

Iminumsafton with Staphylococcus Albus by the PeiUoneal Route — Three 
dogs were given intrapentoneal injections of twenty-four hour cultures of 
Staphylococcus albus in 09 per cent sodium chloride Four injections were 
given three days apart The initial dose consisted of the saline washings 
of one agar slant, and the remaining three doses, of two, three and four agar 
slants, respectively Ten days after the last injection of staphylococcus the 
dogs were given intrapentoneal injections of a pentonitis-producmg dose of 
B coh 300 suspended in gum tragacanth The three animals died in less than 
twenty-four hours Autopsies revealed the usual hemorrhagic serofibrinous 
peritonitis 

SUMMARY AND CONCLUSIONS 

Active immunity which lasts at least four months can be pioduced 
in dogs against fatal B coh peritonitis 

This immunity can be induced by the subcutaneous as well as by the 
peritoneal route 

Because the subcutaneous route is effective, and because the peritoneal 
route also protects against a lethal intiavenous injection of B coh, the 
immunity induced is considered to be of a general nature, at least in part 
Immunization with staphylococci did not protect against fatal B coh 
peritonitis 
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The pathogenesis of edema of renal origin is conceined with changes 
111 the blood, \essels and tissues A reMew of the literature on the 
subject IS confusing and unsatisfactor) Bright asserted that the deple- 
tion of albumin in the blood changed the ph} sicochemical balance and 
edema resulted Later Senator suggested tbe vascular element, and in 
recent }ears Fischer has implicated the tissue cells in the genesis of 
edema The part played by the blood bas interested many obsen'^ers, 
but the exact significance of its \olume in this connection has not been 
clear The following brief excerpts from Loeb’s ^ reMew of the subject 
of edema depict the prevailing confusion 

V olhard - stated that m acute glomerulai nephritis v ith edema there 
is no dilution of the blood, while without edema there may be dilution 
In the latter, because of the renal block, water is letained m the blood, 
in the former v ater and salts are retained in the tissues He also asserted 
that in anuria v ithout edema there is dilution of the blood V olhard inter- 
preted dilution of the blood, or, as he designates it “polyemia,” as not 
constantly followed by edema of the tissues, but caused by renal msuf- 
ficienc} and retention of vater in the blood Reiss “ stated that in 
edematous cases there is hydremia , this term, according to his usage, 
implies increased \olume of blood (h)dremic plethora or polyemia) 
Nonnenbruch ^ did not find constant relationship between renal edema 
and pohemia (increased volume of blood) Loeb believed that transitory 
poh emia and h} dremia ma} precede edema of the tissues, and that when 
diuresis occurs, a similar transitory condition will take place Loeb 
stated that it is assumed that plethoric conditions of the blood occur in 
acute glomerular nephritis and that a h}dremic plethora also occurs in 

From tlie Dnision of Medicine of the Hajo Clinic and the AIa\o Foun- 
dation 

1 Loeb, Leo Edema, Medicine 2 171, 1923 

2 Volhard, Franz and Fahr, K. T Die Bnghtsche Xierenkrankheit, Berlin, 
Julius Springer, 1914 

3 Reiss, quoted bj Loeb (footnote 1) 

4 Nonnenbruch, W Ueber extrarcnale Odemgenese und Vorkommen von 
konzentriertem Blut bei hjdropischen Nierenkranken, Deutsches Arch f klin Med 
136 170, 1921 
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caidiac edema Fiey® observed this increase in nephrosis, Widal 
obsei ved it in chronic nephiitis which pieceded or accompanied the edema 
Loeb criticized the methods on which the foregoing’ conclusions were 
based Widal used the lefiactometnc method, and with low values for 
the serum piotems, assumed the existence of polyemia (increased volume 
of blood due to fluids) Likewise fluctuations oi changes in the pei 
centage of hemoglobin and eiythiocytes have been assumed to be due to 
dilution phenomena 

The data in the liteiatuie lelative to changes in the volume of the 
blood aie laigely valueless because of the lack of a method foi detei- 
mining the volume of blood and of plasma Changes m volume have 
been estimated on the basis of pei centage of changes in single con- 
stituents Pei centage changes in the serum proteins do not necessaril}- 
indicate changes in the absolute volume of the blood or plasma Simi- 
larly, variations in the percentage of hemoglobin and erythiocytes may 
reflect absolute and not percentage deci eases Conclusions with legaid 
to the status of the volume of blood and of plasma in disease were impos- 
sible until a clinical method foi its deteimination was forthcoming 

NOMENCLATURE ’’ 

The following terms foi diffeient volumes of blood have been sug- 
gested “noimovolemia” for a noimal volume, “hypervolemia” for an 

5 Frey, quoted by Loeb (footnote 1) 

6 Widal, F Die Kochsabentziehungskur in der Bnghtischen Nierenkrank- 
heit, Differenzierung der Chloruraemie und der Azotaemie, Verhandl d Kong 
f inn Med 26 43, 1909 

7 On etymologic grounds, objections have been raised to the proposed 
terms The first objection is to the hybiid derivations of the Greek and Latin 
words Current usage has led to the acceptance of words of like derivation, such 
as hypertension and volumetric Objection has also been raised to the use of the 
derivative “vol” rather than “volum,” but the use of the entire root creates a 
w'oid lacking euphony, and so the shorter form has been used The third 
obiection has been directed against the policy of coining additional words To 
state one man’s opinion, “Why clutter up our already overburdened vocabulary?” 
This attitude is not justifiable when available terms are not at hand There are no 
terms to indicate decreased volume of blood, while those in usage to designate 
increased volume are ambiguous and not descriptive Hydremia, according to 
Borland’s dictionary, is “A condition in which there is an excess of the fluid 
portion of the blood ” This does not implicate an increase in the total volume, 
as the fluid may be increased with a small volume of blood It would be neces- 
sary to state that the increase was absolute and not percentile Polyemia, accord- 
ing to this authority, is “plethora,” or an “increase in the volume of blood ” The 
increase may be due to either cells or fluid, or both Hydremic plethora, 
according to current usage, would indicate a large volume of blood, due chiefly 
to the increase in fluid Anhydremia is a “deficiency in the fluid portion of the 
blood ” No volume status is implicated in this definition, as the volume may be 

(Footnote continued on following page) 
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increased volume and “hypovolemia” foi a decreased volume The three 
major states of volume, normal, inci eased and decreased, are subject alike 
to three possible variations, depending on the ratio as cells to plasma or 
cell volume to plasma volume and aie designated as “simple,” “oligocy- 
themic” and “polycythemic ” Chart 1 shows the nine theoretical varia- 
tions in the volumes of blood and of plasma and their corresponding 
clinical states 

Clinical states 

Kc*^al Hood 

Dehydration states 
Emphysema 

Chronic anemia 


Obesity 

D^h/dration states 
^ocl' 

Ch^^rnic anemia 


\Huine normal or normovolemia 

W/////I////////MM//M I Simple normovolemia 

1 ftilycythemle normovolemia 
\W//////MWMh I Oligocythemie normovolemia 

Volume decreased or hypovolemia 
W//////////////1////A ~ I Simple hypovolemia 

\//////7//////I///7////i/////7X 1 Polycythemic hypovolemia. 

V////////////////h l Oliq-Qcythemic hypovolemia 


Myelog'enous l«*ukemia 
observed durmc treat 
ment of polycyth»*mia 

Polycythemia vera \//////////////////////////////////A 

SHemc anmiia 
tFret^^Uy observed^ 


Volume increased op hypervolemia 


vm/immm 


Cells CD Plasma 


-I Simpl*- 
D hypervolemia 
-I Polycythemic 
-I hy^rvolemia 
-I Oligocythemic 
D hypervolemia 


Chart 1 —Diagrammatic representation of possible states of the volume of 
blood, according to body weight, with different cell to plasma relationships 


METHOD 

In recent j-ears, two methods have been described for the clinical 
deteiinination of the volume of blood, the carbon monoxide and the dye 
The dye method of Keith, Rowntree and Geraghty,® has proved practical, 

normal, increased or low, and the fluid portion relatively decreased Oligemia, 
olighemia and oligohemia are svnoiwmous, meaning “a deficiency in the amount 
of blood in the body^” there is nothing to indicate whether the decrease is due 
to a relative or to an absolute diminution of fluids or of cells or both In other 
words, a terminology to indicate the volume status should include information 
not solely of the blood mass, but also of the \olume of the plasma and cells, as 
both may he normal or abnormal The existent terms relative to quantity of 
blood are inadequate and ambiguous and Avere coined at a time Avhen the volume 
status of the blood, plasma and cells did not enter into consideration If one 
attempts to describe the volume status of the blood, plasma and cells without a 
concise terminologj, a large number of words are necessary For example, to 
describe a condition of increased volume of blood and anemia, the following 
definition is necessarv an increased volume of blood with a decreased ratio of 
the Aolume of cells to the volume of plasma According to the new terminology, 
this would be oligocv themic hypervolemia As the volume of the blood, cells and 
plasma are shown to var> in diseased states and are probably important in the 
correct plnsiologic interpretation of basic disturbances in some instances, a con- 
cise, accurate group of terms is necessarj Therefore the proposed nomenclature 
IS offered 

8 Keith, K jM , Row ntree, L G , and Geraghty, J T A Method for the 
Determination of Plasma and Blood Volume, Arch Int Med 16 547 (Oct ) 1915 
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and its iiilieieiit errors are known The criticisms of the dye method 
have been siimmaiized and discussed in a current publication After 
fuither expel imental work, and a largei clinical experience, we feel that 
most of the objections laised are invalid, and that the method is suf- 
ficiently accuiate to determine the volume of the circulating plasma and 
blood in health and in disease Sufficient woik has been cairied out in 
noimal subjects to show that the volume of the blood and plasma is 
maintained within lather narrow limits Variations m values are shown 
m many diseases, these changes correlate closely with the anticipated 
variations, and are of sufficient magnitude to indicate that they cannot 
be accounted for by defects in the method 

The method used m our determination is essentially that of Keith, 
Rowntree and Geraghty, except that Congo red instead of vital red was 
used because of its availability The optimal time for withdrawal of 
blood after the injection of the dye was between three and six minutes 
The loss of dye from the blood within this time is negligible 

We have found no basis in fact for Lindhaid’s® criticisms of the 
method His criticisms of congo red have been carefully investigated 
by a senes of experiments which will be discussed m detail in a subse- 
quent publication Suffice it to state that we were not able to substantiate 
his claims concerning tlie adsorption of the dye by the erythro- 
cytes Concentration from twenty to thirty times that used m the method 
IS necessary before demonstrable amounts are taken up by the cells 
His other criticism of the method relating to the variations m the con- 
centration of the d3^e m the different veins and the effects of exercise 
on the volume of blood ha\e been considered, and his experiments have 
been repeated Our work indicates that variations in the values of the 
\olume of blood based on determinations made simultaneously on the 
right and left arms do not exceed 2 per cent, a variation less than 
the accepted error m the method While exercise may introduce an 
extraneous factor, which, like other factors, may influence the volume 
of the blood, it does not enter into consideration of the volume of the 
blood under basal or resting conditions, in which our comparative studies 
have been made Because of the difference in the result of Lmdhard’s 
experiments and our own, we must conclude that differences exist in the 
various dye preparations on the market We have used the Ameiican 
made brand of congo red purchased m the open market, and have tested 
it in animals for toxicity, and for abnormal absorptive properties on 
human blood m vitio before employing it in oui clinical studies 

9 Lindhard, J A Method for Determining Blood Volume m Man, 
Am J Physiol 77 669, 1926 
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Bennhold’s observation of the rapid disappearance of congo red 
from the circulation in cases of puie nephrosis and amyloid disease has 
been confirmed b}^ Bookman and Rosenthal and by us Bookman and 
Rosenthal noted a loss of from 47 to 55 per cent of dye m one hour In 
foui deteimmations in three cases of nephrosis, we have seen a loss of 
fiom 11 to 36 per cent in one hour, as contrasted with Bennhold’s 11 to 
30 per cent for normal subjects His data do not show whether the loss 
IS more lapid within the thiee to six minute interval In four cases 
of nephrosis, dye appeared in the urine within ten minutes after injec- 
tion, but the late of disappeai ance of the dye in the seium for the three, 
foui and six minute intervals has averaged only about 1 5 per cent greatei 
than the normal time of disappearance (table 1) 

Nonml Values by the Dye Method — The noimal values foi the 
\olume of blood undei lesting conditions have been compiled from Keith, 
Rowntree and Geiaght 3 ’'’s data on eighteen subjects and from those on 

Tabic 1 — Volume of Plasma in Ncphiosis with Loss of Dye in the Uune IVithin 

Ten Minutes Aftei Injection 


Cnse 

Iwo Minutes* 

Three Minutes 

Tour Minutes 

Si\ Minutes 

1 

100 

100 

103 

103 

2 

100 

97 

100 

100 

3 

100 

100 

103 

103 

4 

100 

100 

100 2 

100 2 

Twentyt 

100 

100 6 

1015 

101 4 

^ormal subjects 


5 

±06 

±0 6 


* The Aalue lor the ti;\o minute period is arbitrarily given as 100 The values tor other 
periods represent the pereentnge variation from the tBO minute period 
t Mean values with probable error 

thiity-eight normal subjects of oui own series The ages varied fiom 
15 to 70 3 ’^ears The mean oi aveiage noimal volume of blood, calcu- 
lated for each kilogiam of bod 3 ^ weight, was 891 ±06 cc or 
3,383 ± 33 cc for each square meter of surface aiea Nmet 3 '^-eight per 
cent of our normal lolume values varied between 70 and 100 cc for each 
kilogiam The mean a olume of plasma was 50 ± 0 5 cc for each kilogram 
of weight or 1,973 ± 20 cc for each square meter Ninety-six of the 
values of the \ olume of normal plasma varied between 40 and 60 cc 
Determination of the con elation coefficients by statistical methods indi- 
cates a slightly higher relationship of the volume of blood to surface area 
than to the weight of the bod 3 ’- m the group with normal weight In 

10 Bennhold, Herm Ueber die Adsorptionsfahigkeit der Serumkolloide 
tubular Neirenkranken gegenuber Farbstoffen, Ztscbr f d ges exper Med 
49 71, 1926 

11 Bookman Arthur, and Rosenthal Julius The Clinical Value of Intra- 
venous Injection of Congo Red in the Diagnosis of Amyloid Disease, Am J 
M Sc 173 396, 1927 
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obese subjects, the con elation coefficient of the ^oInlne of the blood to 
the weight of the body and the sin face aiea is essentially the same 
Data Obtained on Edema by the Dye Method — A number of workeis 
have studied the volume of the blood and plasma in cases of edema of 
difterent types Keith, Rowntree and Geiaght}'^ m then oiigmal leport 
found normal values foi plasma volume in cases of edema of glomeiular 
nephritis Bock found a normal volume of plasma according to the 
body weight in cases of glomerular nephritis with edema He noted the 
lelative constanc} of the volume of the plasma during difterent stages 
of edema Bi own and Roth showed that the decrease of hemoglobin 
and er3'’thiocytes in chronic glomerular nephiitis was due to an absolute 
and not to a percentage change The volumes of blood and of plasma 
were similar to those obseived m the usual cases of secondary anemia 
Linder, Lundsgaard and Van Slyke found that the i eduction in con- 
centiation of the plasma proteins that is obseived in certain patients 
with nephritis is due to an actual decrease m the amount of these sub- 
stances They found normal volume of blood even in cases of extreme 
edema We have repoited observations m cases of edema of dift'eient 
types We studied the volume of the blood and plasma m glomeiular 
nephritis before and after the disappearance of the edema Low values 
we!ghk deci eased cell to plasma volume ratios (“oligocy- 

themic hypovolemia”) were found duimg edema 'The 
showed normal values The changes following diuresis were inconstant 
and not maiked In three cases of nephiosis with edema, simple “noi- 
movolemia” or “oligocythemic hypel^olemla’ was present 

PRESENT STL DY 

This study was based on twehe cases of acute and subacute 
glomerular nephritis and on nine cases of pure or mixed types of 
nephrosis, all showing marked grades of edema The diagnosis of 
nephrosis was based on the presence of marked albuminuiia, geneialized 
edema, a decrease in the proteins in the blood and an increase m the 
rallies for lipoids and for the globulin m the seium Hypertension, 
definite anemia and the usual caidiovascnlai changes observed m 
glomerular nephiitis aie lacking in the pine foims of nephrosis The 

12 Bock, A V The Constancy of the Volume of Blood Plasma, Arch Int 
Med 27 83 (Jan ) 1921 

13 Brown, G E , and Roth, G i\I The Anemia of Chronic Nephritis, Arch 
Int iMed 30 817 (Dec ) 1922 

14 Linder, G C , Lundsgaard, C, and Van Shke, D D The Concentration 
of the Plasma Proteins in Nephritis, J Exper IMed 39 887, 1924 

15 Brown, G E, and Rowntree, L G The Volume and Composition of the 
Blood and the Changes Incident to Diuresis, in Cases ot Edema, A.rch Int Med 
35 129 (Jan) 1925 
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mixed forms as descnbed by Volhard, with some features of glomerular 
nephritis, are the usual types observed These usually progress and 
eventually may present the typical pictuie and termination of glomerular 
nephritis Determinations of the volume of blood were made during 
the period of maximal edema and after diuresis The treatment included 
the usual measures, a diet that contained little salt and fluid and the 
administration of massn e doses of calcium and ammonium salts During 
the last two years, we have employed injections of merbaphen (novasuiol) 

Table 2 — Volume of Blood and of Plasma i» Glomerular Nephufts with Edema 






Per- 


Blood 



Plasma 







cent- 

/ 

» 

\ 

i 

A 








age 



Oc 


Cc 

Cc 






Hemo- 

of 


Cc 

for 


for 

for 






globin. Cells 


for 

Each 


Each 

Each 






Gm 

bj 


Each Square 



Square 






per 

Hem- 

Vol 

Kg 

Meter 

Vol- 

of 

Meter 

Grade 




100 

ato 

umc. 

Body Surface 

ume, 

Body Surface 

of 


Case 

Sev 

Age 

Cc 

crit 

Cc Weight Area 

Cc 

Weight -Area 

Edema EemarLs 

5 

M 

22 

12 8 

28 

4,900 

89 

2,850 

3,530 

64 

2,050 

3+ 

Subacute glomeru 













lar nephritis 'with 













anemia 

6 

M 

21 

12 9 

24 

4,390 

GO 

2,500 

3,330 

36 

1,900 

3 

Generalized edema. 













ascites 

7 

F 

17 

13 7 

30 

5,210 

SO 

2910 

3,330 

51 

1,800 

3+ 

Uremia, pulmonary 













edema 

8 

M 

15 

10 7 

31 

3,020 

70 


2,500 

48 


4 

Ascites 

9 

M 

46 

128 

27 

4,740 

59 

2,370 

3,460 

43 

1,730 

2-1- 

Progressive edema 













and anemia 

10 

F 

25 

12 0 

25 

3,050 

58 

2,130 

2,280 

44 

1,600 

3*4- 

Ascites 

11 

F 

10 

12 7 

33 

3,900 

59 

2,050 

2,540 

38 

1,340 

3 

Acute flare up of 













chronic glomeru 













lar nephritis 

12 

M 

20 

14 9 

31 

4,510 

75 

2,680 

3,130 

52 

1,850 

1 

Acute nephritis. 













pneumonia 

13 

M 

17 

02 

11 

4 OoO 

71 

2,440 

3,600 

63 

2,150 

2 

Acute nephritis 













mastoiditis 

11 

M 

20 

17 0 

41 

7,010 

93 

4,220 

4,140 

55 

2,500 

2 

Acute nephritis, 













one month dura 













tion 

15 

M 

90 

9 1 

2S 

4,580 

75 

2,700 

3,300 

54 

1,930 

2 

Some elements of 













nephrosis 

IG 

F 

20 

97 

S3 

4,835 

103 


3,240 

70 


3 

Subacute nephritis 


Mean Values blood volume = 74 5 3 cc for each Kg’ of body ■weight or 2,719 5 ± 123 cc 

for each square meter, plasma volume = 51 9 ± 3 cc for each Kg of body weight or 1,S99 5 + 
(33 cc for each square meter, hemoglobin = 1212 ± 51 Gm percentage, percentage of cells bj 
the hematocrit “ 29 5 tf: 1 

With or Without the administration of calcium and ammonium salts in 
cases m which there has not been retention of nitrogen Paracentesis 
was performed in several cases 

The volume of the blood was calculated on the basis of the body 
eight of the edema-free period, designated as the corrected body weight 
The volume on the basis of surface area is also given The surface area 
was calculated according to the DuBois standards and for the corrected 
body weight The data on the volume m eighteen cases of secondary 
anemia and ten cases of pernicious anemia were used as a contrast group 
Glovietulm Ncphitis with Edema — ^The mean volume of blood 
(table 2) with its probable error for the group was 74 5 d: 3 cc for each 
kilogram of coirected body weight, that is, 15 cc for each kilogiam less 
than normal, or 2,719 5 ± 123 cc for each square meter The range was 
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from 58 to 93 cc for each kilogram oi from 2,050 to 4,220 cc for each 
square meter The mean volume of plasma was piactically noimal, 
51 9 ch 2 cc for each kilogram or 1,899 5 rfc 63 cc for each squaie meter 
The range was fiom 36 to 64 cc The mean peicentage of cells as shown 

Table 3 The Volume of Blood and Plasma in the Edema Edema-Fiec and 
Rccoveiy Periods in Subacute Glomciular Nephntis 


Case 

Date 

Hemo 

glo- 

bm, 

Gm 

per 

100 

- Per- 
cent- 
age of 
Cells by 
Hem- 
ato- 

Vol 

ume, 

Blood, 

Cc for 
Each Kg of 
Body Weight^ 

/ \ 
Uncor- Cor- 

Vol 

ume. 

Plasma, 

Cc for 
Each Kg of 
Body Weight 

4 

f 

Uncor- Cor- 

, Body 

Weicht. 

Cc 

crit 

Cc 

rected 

leeted 

Cc 

rected 

rected 

Kg 

Remarks 

6 

12/ 3/25 

12 8 

28 

4 900 

54 

73 

3 530 

39 

53 

90 

Edema graded 3 


12/22/25 

12 8 

30 

4,150 

52 

62 

2,910 

38 

43 

SO 

Pdema graded 2 


1 '25/26 

14 3 

30 

4 320 

72 

64 

3,020 

50 

45 

60 

Edema free 


11/21/26 

13 8 

35 

5,720 

86 

86 

3,710 

56 

56 

67 

Patient fairlv 
ucll 11 months 
later 

6 

8/ 7/23 

12 4 

24 

4,390 

48 

68 

3,300 

36 

51 

90 

Edema graded 3 


9/11/23 

129 

29 

4,100 

62 

62 

2,930 

45 

45 

64 

Edema 

10 

11/15/22 

12 6 

25 

3,050 

50 

61 

2,280 

37 

46 

61 

Edema graded 3, 
anemia, ascites 


1/ 5/23 

80 

19 

3,200 

06 

61 

2,590 

54 

52 

50 

Edema free 


9/ 6/23 

17 0 

37 

4,620 

SO 

SO 

2,910 

55 

58 

62 

Apparently re 
covered 

13 

6/ 2/23 

62 

11 

1050 

02 

72 

3,600 

55 

64 

65 

Acute nephritis, 
edema 3 


7/ 3/23 

81 

20 

3,300 

60 

60 

2,610 

47 

47 

56 

Edema graded 1 

U 

2/20/23 

17 6 

41 

7,010 

84 

91 

4,140 

49 

55 

83 

Acute nephritis, 
edema 3 


3/ 1/23 

17 3 

42 

0,900 

97 

90 

4,000 

56 

54 

71 

Edema free 


5/16/23 

17 0 

40 

6,860 

92 

90 

4,120 

55 

55 

75 

Edema free 


12/12/23 

18 5 

45 

7,190 

95 

95 

3,950 

52 

52 

75 

Good recovery, 
no edema 

16 

4/ 6/27 
5/ 3/27 

97 

no 

33 

20 

4,835 

4,250 

78 

105 

91 

3,240 

3,390 

52 

70 

73 

62 

46 

Edema graded 3 
Weight loss, 
both fluid and 
body protein 


* Body weight m the postedema period c=: corrected body eight, body weight m the 
edema period = uncorrected body weight 


Table 4 — Summary of Changes in the Volume of the Blood and of Plasma 
Occuinng Dining Dmtesis in Glomeiulat Nephutis 




Percentage 

Blood Volume 

Plasma Volume 

Duration of 


Weight 

Change 

A- 

r 



^ 

.> 

, Time for 


Loss, 

of Cells bv 

Increase, 

Decrease, 

Increase, 

Decrease, 

Diuresis, 

Case 

Kg 

Hematocrit 

Cc 

Ce 

Cc 

Cc 

Days 

5 

30 

4-2 


5S0 


500 

63 

6 

27 

-1-5 


290 


870 

34 

7 

25 

—9 


910 


170 

14 

9 

85 

—13 


2,090 


SSO 

S3 

10 

14 

—6 

160 


310 


60 

13 

0 

-fO 


750 


960 

31 

14 

10 



100 


150 

11 

16 

16 

—13 


585 

155 


27 


by the hematocrit was 29 5 i 1 (the noiinal value is 42 per cent) and 
the hemoglobin in grains per hundred cubic centimeters of blood was 
12 1 Et 5 1 as contiasted with the normal value, 15 6 per cent^° The 
mean values m this study coiroborate our original claim that “oligocy- 
themic hypovolemia” chaiactenzes glomerular nephritis 


16 Haden’s value for both sexes 
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Changes Dwing Diuresis in CInontc Gloniei iilar Ncphiitis — The 
\anations m the Aolume of the blood and plasma during diuresis are 
shown in table 3 A summary of the changes occuiring m eight cases 
with two or more determinations of ^olume during the period of treat- 
ment are sho^\ n in table 4 There is a fairly constant directional change 
in the volume of blood during the period of diuresis, as seven of the 
eight cases showed a decrease in the volume of blood In case 5 there 
was a loss of 500 cc m the volume of the blood, which was entirely due 
to a loss in plasma, in case 6 there was a decrease of 370 cc of plasma, 
in case 7, there was a large loss in the lolume of blood, which was 

Tablf 5 — The Volume of the Blood and of Plasma ut A’ephiosis, Edema Stage 


Per Blood Plnsni i 

cent , * , , * 
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Gm 
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Each Square 


Kg 
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Kg 
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Meter rdema, 




100 

ato 

ume. 

Body Surface 

ume. 

Body Surface Grade 

C lEC 

So\ 

Ago 

Ce 

ent 

Cc Weight Area 

Cc 

Weight Area 

1-4 

EemarKs 

1 

M 

23 

15 9 

50 

5,750 

84 


2,875 

42 


3+ 

Probablj a case of 












pure nephrosis 

4 

F 

21 

11 C 

39 

4 G05 

105 


2,845 

04 


3+ 

Nephrosis v 1 1 h 













some feiturcs of 
glomerular in 
volvement 

9 

M 

40 

ISC 

3S 

0,830 

81 

3,500 

4,240 

50 

2,170 

1 

Nephrosis picture. 











at this stage 
iscites 2 



17 

VI 

37 

19C 

45 

0,080 

89 

3,030 

3,670 

49 

2000 

2 

Edema 2, ascites 1, 
mivod nephrosis 

IS 

M 

S3 

19 8 

44 

5,100 

102 


2800 

57 


2 

Emaciated 

19 

M 

25 

17 0 

39 

5 370 

93 

3,210 

3,270 

50 

1,950 


Generalized edema 

20 

M 

32 

12 3 

30 

5 780 

101 

3 450 

4,050 

71 

2,420 

23 

Mixed lesions. 











glomerular ne- 
phritis 



21 

VI 

31 

12 5 

33 

4 850 

99 

3,070 

3,210 

00 

2,050 

1+ 

Miid nephrosis 


M 

19 

14 2 

24 

0,010 

105 

3,800 

4,570 

SO 

2,710 

2 + 

Nephrosis ana 


Pott’s disease 


Mean Values blood volume =r 94 8 ± 2 cc for each Kg or 3,449 5 ± CO cc for each square 
meter, plasma volume = 600 ± 3 cc for each Kg or 2,123 5 ± 81 cc for each square meter, 
hcmotlobm = 15 7 rh 7 3 Gm percentage, percentage of cells bj the hematocrit = 37 5 ± 3 


almost entirely due to cells , in case 9, there was a huge decrease in the 
blood mass, two thirds of which was cells, in case 10, theie were not any 
significant changes , in case thirteen, there was a loss of 960 cc of plasma 
The changes were not significant in case 14 In case 16, the volume of 
blood decreased 580 cc , w Inch was largely a decrease in cells The loss 
in weight due to diuresis ^a^ed in these subjects from 2 5 to 30 Kg 
The duration of tieatment varied from six to ninety days 

NepJiiosis — On the basis of the corrected body w’eight, the mean 
volume of blood during the stage of edema in nine cases of nephrosis 
was 948 it 2 cc for each kilogram or 5 cc more than the normal mean, 
or 3,449 1 = 60 cc for each square meter of surface area These figures 
for the mean value are still wnthin the normal upper range The varia- 
tion in the group was from 81 to 105 cc foi each kilogram or 3,070 to 
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3,800 cc accoidmg to aiea The mean volume of plasma was 60 ± 3 cc 
01 10 cc (20 pel cent) more than the normal, and 2,123 5 ± 81 cc 
according to weight and siiiface aiea, lespectively, or 150 cc more than 
noimal The vaiiations weie fiom 49 to 80 cc foi weight and 1,950 to 
2,710 cc for suiface aiea The mean hemoglobin content in giams pei 
hundied cubic centimeteis of blood was 15 7 ±72 and the mean pei- 
centage of cells as shown by the hematociit was 37 5 ± 2 A mild giade 
of anemia was piesent in four cases 

A study of these mean values indicates that theie is a model ate 
mciease in the mean total volume of blood and a definite inciease in the 
mean volume of plasma as compaied to the normal This would be 
interpieted as “oligocythemic hypeivolemia ” Although the mean values 
are high, five of the nine cases showed values that were strictly noimal, 
“normovolemia simplex ” It would appeal that in cases of nephiosis 
with edema, the volume of blood and of plasma tends to become 


Table 6 — Changes ^vi the Volume of Blood and of Plasma zuith Diniesis m 

Cases of Nephiosis 




Percentage of 


Plasma 

Duration of 


Weight 

Cells by the 

Blood 

r”" 


Dehydration 


Loss, 

Hematocrit 

Decrease, 

Increase, 

Deeiease, 

Period, 

Case 

Lg 

Changes 

Ce 

Cc 

Cc 

Days 

1 

8 

—7 


395 


11 

4 

15 

-7 

105 

255 


10 

9 

4 

—3 

300 



30 

17 

10 

—1 




22 

19 

15 

—2 




24 

22 

9 

+■1 

COO 


400 

13 


iiici eased It is also inteiesting that in the foui cases with the laigest 
volume of plasma some evidence of anemia was shown by the deci eased 
values for hemoglobin, and percentage of cells by the hematocrit It is 
evident, theiefore, that nephrosis with edema may be associated with 
normal oi inci eased volume of blood and of plasma, “simple noimo- 
volemia’^ or “oligocythemic hypervolemia ” 

Table 6 gives the summaiized data of the changes that occui in blood 
and plasma with diuresis in nephrosis In only one case, case 22, weie 
significant changes observed A loss of 600 cc of blood occurred, 400 cc 
of which was due to a deciease in the plasma In case 1, there was a 
slight loss in plasma Conti ol of the edema, theiefoie, does not appear 
to influence the volume of blood to any appieciable degree 

Changes Observed m Nephiosis When the Signs and Symptoms of 
Glomeiidai Nephutis Subsequently Develop — Data conceining the 
volume of blood in case 9, which when fiist observed piesentetd a classic 
example of nephrosis, are given in table 7 The blood piessuie was 
noimal and the blood cholesteiol high, while the piotem in the serum 
was 1 educed The \olume of the blood was 81 cc foi each kilogram of 
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normal -w eight , the volume of plasma was 53 cc This was during 
the period of maximal general anasarca and ascites The hemoglobin in 
grams per hundred cubic centimeters was 18 6, and there was 38 per cent 
of cells, as ascertained b}' the hematocrit During a period of two months, 
the edema fluctuated, various forms of tieatment were used desiccated 
thyroid, massive doses of calcium and later abdominal paracentesis The 
hemoglobin showed a giadual i eduction comparable to the reduction in 
the volume of cells The total volume of blood deci eased to 59 cc for 
each kilogram, and the volume of plasma decreased to 42 cc for each 
kilogram At the final examination, retention of uiea had developed, the 
blood pressure had increased, and glomerulai nephritis was evident The 

Tabic 7 — NcpJiiosis Subsequent Development of Subacute Glometulaj 

Nephutis with Anemia 


Blood Plasma 

-J L A 



Hemo 
globln, 
Gm per 

Per- 

centage 

Hemo 

globln, 

by 

Hema- 

f 

Volume 

A 
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Each Kg 
Body 
Weight, 

, Cor- 

A 

Cc for 

Each Kg 

Body 

Weight, Body 

Volume, Cor- Weight, 

Date 

100 Cc 

toent 

Cc 

reeled* 

Cc 

reeled* 

Kg 

Comment 

10/ 7/22 

18 0 

3S 

0,830 

81 

4,210 

53 

91 

Marked edema, ascites 

10/17/22 

17 0 

13 

7,340 

91 

4,190 

52 

90 

Some dye In unne 

10/21/22 
11/ 7/22 

17 0 

35 

0,220 

78 

4,040 

51 

90 


ICS 

40 

5,710 

71 

3,460 

43 

90 


11/17/23 

13 3 

35 

0,510 

81 

4,240 

53 

87 

Paracentesis abdominis 

11/29/22 

131 

37 

0,720 

Si 

4,240 

53 

86 


12/ 7/22 

13 S 

2S 

4,910 

03 

3,830 

48 

90 


12/13/22 

12 8 

27 

4,740 

50 

3,460 

43 

89 


12/28/22 

10 9 

2S 

5,210 

C5 

3,750 

47 

90 


12/30/22 

90 

29 

4,740 

59 

3,360 

42 

86 

Edema 2, ascites 1 


* Weight corrected on the basis of his norinal "weight, SO Eg 


volume of blood and of plasma had decreased materially, but it did not 
show any fluctuations that were i elated to the fluctuation in the degree of 
edema, but preceded paripassu with the progressing anemia 

Data on Volume of Blood in Glonieuila) Nephritis — There is no 
evidence that dilution of the blood occurs in subjects with the edema 
that accompanies glomerular nephritis When calculated on the basis of 
the corrected body weight, a normal or a decreased volume (“noimovolemia 
or hypo\olemia”) is the lule On the basis of the changes in the blood, 
cases of glomerular nephritis can be divided into two groups those in 
which theie is anemia and those in A\hich anemia does not occur The 
lattei group consists largely of cases of the mild and of the more acute 
forms of the disease In the subacute or chronic stages anemia is almost 
uniformly present in some degree The pallor of these subjects, the 
decreased specific gravity of the blood and the decrease in erythrocytes, 

17 This patient ne\er became free from edema, and his usual normal weight 
was used as the corrected body weight 
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m the piesence of edema, seem at first sight CMdence of blood dilution 
These changes, howevei, are similar to those found in simple chronic 
anemia without edema The anemia in nephritis is due to an absolute 
decrease in er} throcytes, since the \olume of plasma is not increased to 
produce dilution oi an appaient anemia The lowered specific gravity 
of the plasma and decreased percentage of protein haie been shown to 

Table 8 — Mean Values zaiih Piobahlc Bn or 


Volume of Blood 
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Per- r- 
centaga 
of 

Hemo- Cells 
globiD, by 
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Glomerular nephritis nith 
edema 

12 
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-f- 

51 
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-1- 

1 

74 5 

O 

2n9 5 
“4- 
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5S- 93 

51 0 

dr 

> 

1SS9 5 
a- 

i5 

36-61 

Nephrosis with edema 

9 
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ti: 

7 2 
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dr 

2 

94S 

2 

3149 5 
-4- 
60 

31-105 
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± 

o 

2123 5 
-H 

61 

49 SO 

Chrome secondarv anemia 

IS 

11 45 
-t- 

43 
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-H 

96 

S2S 

29 

2705 5 

- 4 - 

50-110 

567 
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19 

1999 3 
■+■ 
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3176 

Pernicious anemia 

10 

no 

52 

226 

-t- 

14 4 

770 

-f- 

17 

2771 7 

■H- 

42 

Co- DO 

602 
-4- 
1 1 

2194 

-f- 

4/ 5 
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SG 

17 S 
■4- 
02 

421 

•+* 

2 

S91 

oc 

SSSS 

33 

70-100 

50 

± 

0 5 

19VS 

-+■ 

20 

40 60 


♦ Tins group IS not a reprosontativo normal group but is composed of a selected group of 
normal adults, most of whom nere males 


Table 9 — Blood and Plasma Volume vi Polycythemia Veia Undo Tieatmcni 

zcitJi PhcnyUiydiasmc Hydi ochlondc 
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24 

59 

S,607 
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8J17/23 


37 

5,952 

93 

5,750 

5S 


8/2S/25 

57 


5,500 

S7 

4,675 

72 


be due to an absolute loss of albumin in the blood Our data^ show that 
the mean rolume of blood in glomeiular nephritis, when coriected for the 
edema-fiee body weight, is less than normal, vhile the mean volume of 
plasma is quite normal (“oligocythemic hypo\ olemia”) The decrease in 
the total volume depends on the decreased volume of cells and indicates 
true anemia 
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Plasma Cell Relationships ni Anemia — ^As is known, m certain forms 
of anemia a replacement compensator} or restoration process occurs to 
maintain an adequate volume of blood Plasma enters the blood quickly 
follo\Mng bleeding, ■while replacement of cells occurs more slowly In 
the chronic t3pes of anemia, in Avhich cells are reduced without loss of 
plasma, the mechanism is ^ ariable Studies of the volumes of blood and 
of plasma in the simple and primar} t} pes of anemia sho\v definite differ- 
ences in these two forms (table 8) It -will be observed from the data 
that the mean ^olume of plasma in eighteen cases of chronic secondatv’^ 
anemia is 56 7 r; 1 9 cc for each kilogram of bod} w eight Tl'us is abo\ e 
the normal value, while the relative absolute volume of blood is moder- 
ate!} reduced, 82 8 ± 2 9, owing to the diminished volume of cells It is 
apparent that replacement of cells b} plasma is moderate It w^as found 
that in ten subjects with pernicious anemia, the mean volume of plasma 
was 60 cc for each kilogram of body weight The total volume 
of blood and of cells was lower than in secondary anemia, since the 
degree of anemia was more marked The higher values for the 
volume of plasma would indicate that in pernicious anemia there was a 
partial replacement of cells by plasma Similar high volumes of plasma 
w ere found by Keith in tA\ eh e cases of pernicious anemia In one of 
the cases with a decrease m the hemoglobin of 20 per cent and in the 
percentage of cells of 40 per cent as determined by the hematocrit, 
the \ olume of plasma increased 9 cc for each kilogram of bod} w eight, 
or approximate!} 15 per cent over the former volume of plasma In 
one case in which the hemoglobin and er}'throc}i:es were increasing, 
there w^as a reduction in the relative plasma to offset the increased vol- 
ume of cells This difference of response of the replacement mechanism 
in different forms of anemia is of interest and requires further mvesti- 
gation We have obtained further information concerning the response 
of the plasma to loss of cells in cases of pol} c}1;hemia vera in which the 
patient is treated with phenylhydrazine With this form of treatment 
there is rapid destruction of er}’throc}’tes wuthin a few days The 
volumes of the blood and of the plasma during the period of destruction 
of the blood are shown in table 9 Within fifty days, there was a 
decrease of 6 5 Gm of hemoglobin for each 100 cc of blood in case 23 
and a decrease of 1 1 in the percentage of cells as shown by the hemato- 
crit with an increase of 9 cc of plasma for each kilogram of body 
weight, or approximate!} 15 per cent With further reduction in the 
volume of cells and of hemoglobin, there was no further increase in the 
volume of the plasma Similar increases in the v’^olume of the plasma 
were obseived in cases 24 and 26 


18 Keith, X M Total Circulating Volume of Blood and Plasma in Chronic 
Anemia and Leukemia, Am J 3.1 Sc 165 174, 1923 
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Comparing the data concerning the \olmne of blood in the cases of 
glomerular nephritis accompanied by edema and anemia with these in 
cases of secondaiy anemia, a definite dissimilarity is apparent (chart 2) 
The mean volume of plasma in the cases of glomerular nephritis is 
low ei than in secondary anemia, and the grade of anemia is comparable 
foi both groups The leplacement of cells by plasma does not occur oi 
at least is not maintained and diuresis per se pioduces no significant 
variations in the volume of blood and plasma in cases of glomerular 
nephritis 

The changes occurring in the volume of blood during diuresis in 
glomerulat nephritis aie largely those due to further decrease in the 



Chart 2 — I\Iean \oIumes of the blood, according to body weight, in glomerular 
nephritis, nephrosis and chronic anemia The diagonal lines indicate the blood 
cells and the blank spaces the blood plasma 

volume of cells, indicating that piogiessive anemia is developing during 
the period of diiiiesis This is not due to dilution, since the volume of 
plasma maintains a fairl}- constant level while the volume of cells is 
progiessively diminishing Restoration of the volume of blood by plasma 
does not occur The proof of this is giv en in case 9 in which the studies 
of volume were earned out during the period of the development of the 
anemia or during the tiansition stage from what was apparently a case 
of nephrosis to true glomerulai nephritis The constancy of the relation 
of the volume of plasma to body vv^eight dm mg the peiiod of developing 
anemia and fluctuating edema is quite evident The lelative volume of 
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plasma lemained fairl}’- constant until the anemia was definitely present or 
until tlie hemoglobin had become reduced to 12 8 Gm per hundred cubic 
centimeters With further reduction of the hemoglobin to 9 6 Gm per 
100 cubic centimeters, there was a decrease in the volume of the plasma 
of 6 cc for each kilogram of body weight This variation in the volume 
of plasma could not be correlated to fluctuations in the amount of edema 
Data on the Volume of the Blood in Nephiosxs — ^Anemia is not 
marked or constant in nephrosis Elw}m stated that “moderate anemia is 
present averaging 4,000,000 erythroc)4es for each centimeter and that 
with the disappearance of edema temporary blood dilution with an 
increased anemia occurs ” Our data show that rn five of the nrne cases 
the hemoglobin values and those obtained by the hematocrit were normal , 
in the remaining four cases, there was a mild degree of anemia The 
mean hemoglobin in grams pei hundred cubic centimeters was 15 7 ±7 2, 
and the mean percentage of cells as ascei tamed by the hematocrit was 
37 5 ± 2 In the cases without anemia the a\erage volume of blood 
was 88 cc for each kilogram, and the average volume of plasma was 
51 cc for each kilogiam These volumes are quite normal In the four 
cases of mild anemia, the average volume of blood was 102 cc for each 
kilogram of body weight, and the amount of plasma was 70 cc for each 
kilogiara Taking the gioup as a whole, the mean volume of blood in 
cases of nephrosis is about 5 cc higher than the normal mean and 20 cc 
higher than the mean in glomerular nephritis (table 8, chart 2) When 
the mean values of the entire group aie compaied with those in non- 
nephiitic chronic secondaiy anemia, the mean volume of blood and 
plasma is 12 cc and 3 3 cc , respectively, greater in the cases of nephro- 
sis , as compai ed to primar}'' or pernicious anemia, the mean volume of 
blood IS 17 cc higher in the gioup of cases of nephrosis, while the 
volume of plasma is identical in the two gioups 

If the cases of nephrosis with anemia aie compaied with those of 
chronic secondary anemia and pernicious anemia, it is apparent that both 
the volume of blood and the volume of plasma are definitely greater, while 
the degree of anemia is less in the cases of nephiosis 

These data are quite different from those m glomerular nephritis, 
the r olume of cells is only slightly decreased in the cases of nephrosis, 
while in glomerular nephrosis it is markedly lowered, and the mean 
\ olume of plasma is about 10 cc higher in nephrosis than in glomerular 
nephritis The explanation for this dissimilarity is not entirely clear 
One would be tempted to assume that the relatively high volume of 
plasma in nephrosis represents an example of blood dilution, and that 
the increased volume of plasma, which is about 20 per cent, would be 
sufficient to produce apparent or dilution anemia An argument against 
this IS the slight or negligible changes occurring in the volume of blood 
and of plasma with diuresis In only one case was definite variation 
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obseived, a deciease of 600 cc of whole blood, of which two-thirds was 
due to deciease in the plasma In the other cases, the changes were 
slight and did not show a constant directional tendency 

It could also be assumed that when tiue mild anemia is present in 
some cases of nephrosis that the leplacement of cells by plasma is more 
than adequate The objection to this hypothesis rests on the fact that 
our data show the mean volume of blood and of plasma in cases of 
nephrosis with anemia to be 13 cc and 20 cc higher, respectively, than 
the noimal mean Restoiation of blood mass by plasma in response to 
loss of cells would then be excessive, a conception that is difficult to 
explain The loss of dye in the mine in cases of nephrosis, if sufficient to 
pioduce an abnoimal or too lapid disappeaiance of the dye in the blood 
seiiim, would gne an abnoimally high oi false volume of plasma We 
studied the rates of disappeaiance of the dye in the blood serum in four 
cases of nephrosis m which dye was present in the mine within ten 
minutes after its injection Table 1 shows that, as compared with the 
normal, theie was a greater decrease in the peicentage of concentration 
of the dye in the two to six minute inteival as shown by the volume of 
plasma This differ ence, 1 5 per cent, appears to us too small to explain 
fully the relatively high values of the volume of plasma in the cases of 
nephrosis In order to settle the question definitely, it would be neces- 
sary to study the volumes before and during the development of the 
disease 

These studies on the volumes of the blood and plasma in cases of 
glomerular nephritis and nephiosis and piimaiy and secondary anemia 
suggest the following hypothesis The changes occurring in the plasma 
volume aie in large part related to loss of cells The decrease in cell 
volume IS replaced by plasma This replacement is usually not complete 
and varies in different forms of anemia In chronic secondary anemia 
replacement is partially complete, but not as marked as in the primary 
forms and m anemia associated with splenomegaly In glomerular 
nephritis with edema and a secondary type of anemia, replacement b’^ 
plasma occurs to a slight extent oi not at all Edema may be an essential 
factoi m withholding plasma from the blood In nephrosis without 
anemia these factors apparently do not obtain, and the blood and plasma 
volumes are normal When anemia occurs, there is an increase of 
plasma As edema is common to both groups, the anemia appears to be a 
more critical factor than edema in cletei mining the status of the plasma 
volumes 

SUMMARY 

A low or low normal volume of blood is found in cases of glomerular 
nephritis with edema The reduction in the volume of blood is due to a 
diminished volume of cells The mean volume of plasma is normal ; this 
indicates actual anemia According to the nev. terminology, the lolume 
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state IS “oligoc} themic noimovolemia ’ oi "oligocythemic hypo^olemla‘” 
During diuresis, the significant changes in the blood A^olume and of 
plasma aie those related to further i eduction in the Aolume of cells, that 
IS, to the progression of the anemia In chronic nephritis with edema a 
form of the chionk secondary'- anemia due to deficient erythrogenesis is 
present and replacement of cells by plasma does not occur, oi, at least, is 
not adequate!} maintained 

In cases of nephrosis with edema, approximately 50 per cent do not 
show anemia, the remainder show mild grades of anemia In the non- 
anemic group, strictly normal values for the volume of blood and of 
plasma are obtained (“simple noimovolemia”) , in cases with diminished 
hemoglobin and cell values, the volume of blood and plasma are defimtel} 
increased, “oligocythemic h} per\ olemia ” The increase in the blood 
volume and of plasma is excessive An explanation of this increase 
of blood volume and plasma by restoration of plasma is not at hand , 
there is no good e\idence to indicate that m these cases a dilution 
phenomenon occurs, and diuresis does not produce any changes in the 
\olume of blood and of plasma, which admittedly is evidence against the 
dilution theor}' Abnormal loss of dye m the urine may account in part, 
])Ut not V holly, foi the increase in the volume of plasma 

These values for the Aolume of blood and of plasma in cases of 
glomerular nephritis and nephrosis accompanied by edema are compa- 
lable to those lepoited in our pievious study of a smaller group of cases 



MUMPS POLYNEURITIS 

QUADRIPLEGIA WITH BILATERAL FACIAL PARALYSIS ■" 
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The neuiologic complications occiuiiiig in mumps have fiequently 
been observed and lecoided They may be classified into the following 
types (1) meningitis^ (2) encephalitis” and (3) neuiitis (a) 
second, sixth, seventh, eighth, eleventh and twelfth cianial neives,^ (6) 
diffuse polyneuiitis and (c) localized neuritis An excellent leMew of 
the literatiue up to 1898 was made by Gallavai din,"* and another leview 
to 1915 was made by Feilmg^ 

We lecoid a unique case of polyneuiitis m which all extremities of 
the patient weie affected with bilateial facial involvement complicating 
epidemic parotitis We have been able to find only four cases of diffuse 
polyneuiitis in the literature — all weie desciibed by the Fiench 

REVIEW OF THE LITERATURE 

Joffloy ° was the first to call attention to this syndiome He lepoited 
the case of a child, aged 4^4 yeai s, who, dm mg convalescence, developed 
a quadnplegia three weeks aftei the onset of epidemic pai otitis 
Neuiologic examination levealed a loss of all the deep and superficial 
reflexes, generalized supeificial hypesthesia and an abolition of faradic 
contractility The cianial nerves weie not involved The child began 
to improve about the third month, and by the fouith month almost all 
motor power had returned Eleven months later, the child was found to 
have made a complete recovery 

Revilliod ’’’ recorded the second case which was that of a child, aged 7 
years, who contracted epidemic pai otitis One week aftei the onset of 

From the Department of Medicine and the Harry Caplin Research Labora- 
tory, Jewish Hospital 

1 Acker, G N Parotitis Complicated with Meningitis, Am J Dis Child 
6 399 (Doc ) 1913 

2 Haden, R L The Cerebral Complications of Mumps, Arch Int Med 
23-737 (June) 1919 

3 Lannois Lyon med 93 469, 1900 Rogei and Magarot Rev med 
1909, p 826 

4 Gallavardin, M L Gaz d hop 71 1329, 1898 

5 Felling, A Quart J Med 8 257, 1915 

6 Joffroy, A Progres med , 1886, p 1009 

7 Revilliod, L Rev med de la Suisse romande 16 752, 1896 
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the mumps, the child developed a marked weakness in the legs and dis- 
turbance in deglutition Examination revealed a quadnplegia with a loss 
in the superficial and deep reflexes, bilateral sixth nerve paralysis and 
left facial and right hypoglossal weakness There were no sensoiy or 
trophic disorders, and the special senses weie intact One week later, the 
child was able to stand and by the end of two months, he had made a 
complete lecovery 

The third case was reported by Gallavardm,'^ that of a woman, aged 31, 
who developed a flaccid paialysis of all the limbs tw.o weeks after the 
onset of the mumps There was a loss of all the leflexes and deep 
muscle sense and a diminution in response to faradic stimulation She 
made slow pi ogressive improvement 

Pitres and Marchand ® record a case of quadiiplegic polyneuritic 
paralysis occuning in a young soldier during convalescence from mumps 
The paralysis appeared two weeks aftei the onset of mumps There 
was a loss of all the reflexes and an abolition of deep muscle and 
stereognostic sense, the cranial nerves were not involved The patient 
was still slightly incapacitated at the end of a year 

Other cases of hemiplegia and diplegia of either the upper or lower 
extremities of peripheral origin have also been reported ® 

REPORT OF CASE 

Hxsloiy — A young man, aged 29, contracted a mild attack of epidemic 
parotitis ^^lllcll subsided in five days One week after the onset, he developed a 
left orchitis accompanied by chills and a temperature of 104 F The orchitis sub- 
sided in one ueek, with resulting atrophy of the testicle On May 28th, three 
weeks after the onset of his present illness, he complained of weakness in the 
lower extremities, and found that he was unable to stand He became progres- 
snely vorse, and within forty-eight hours was unable to sit or roll over in bed 
He also complained of some disturbance in swallowing food 

E\ammation — Physical examination revealed a well developed and well nour- 
ished 5 oung man who did not appear acutely ill He lay flat on his back, unable 
to mo\e his head or his extremities His neck was rigid, his head in slight 
opisthotonus He showed a complete bilateral upper and lower facial paralysis 
Difficulty in swallowing was really difficulty in ingesting food owing to his facial 
parahsis All the other cranial nerves were uninvolved There was a complete 
paretic quadnplegia, with greater involvement of the extensor than the flexor 
group of muscles, and a marked bilateral Kernig sign He showed a loss of all 
the deep reflexes, nor could any superficial reflexes be elicited All plantar 
reflex phenomena were absent The sensory changes occurred twenty-:tour hours 
later, and consisted of paresthesia of the feet, such as tingling and burning 
sensations, Iwpesthesia of the arms and legs, hyperesthesia of the hands and 
feet and loss of joint and vibratory sense in all extremities 

8 Pitres, A and Marchand, L Progres med 50 397, 1922 

9 Sainton and Huriez Bull et mem Soc med d hop de Pans 39 809, 
1915 , Loire med , 1891 
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A lumbar pimcture done on the fourth daj of his neurologic complication 
showed clear spinal fluid under pressure, containing IS Ijmphoc^tes per cubic 
milhmeter The fluid on analj sis show ed a 2 mm albumin ring, globulin four 
plus, 4^ mg of sugar per hundred cubic centimeters The Wassermann reaction 
was negatrse the smear was negatne for Bacillus tuberculosis or other organisms, 
the culture was sterile, and the colloidal gold cuiwe was 00000000 A lumbar 
pimcture Jie lollownng day showed clear fluid under normal pressure, containing 
onl} o^l%'mphoc}'tes per cubic millimeter The patient’s unne was normal except 
for a famt trace of albumin 

The blood count showed hemoglobm, 85 per cent, red blood cells, 5,300 000 
w hite blood cells, 13 000 poKmorphonucIear leukocytes 56 per cent , Ij mphocj’tes 
40 per cent The blood pressure was 142 systolic and 74 diastolic 

Diagi OS’S — In %new oi the fact that there was a specific etiologic factor present 
to account for this symptom complex a pronstonal diagnosis w'as made of 
diffuse quadriplegic pohmeuritis with a bilateral peripheral facial parahsis and 
menmgitis, arising from an epidemic parotitis 

Course of lUhcss — ^June 6, 1927 (one weex later) — The patient began to show 
enaence of a regression of his lesion, some muscular power was returning m all 
extremities, and the plantar flexion phenomenon of the right foot was present 

June 10 Voluntary moiement of right facial group muscles w’as returning 
Hi-pestnesia of the legs was clearing up 

June 13 The patient started to receue strychnine sulphate gram 
(0 002 Gm ) three times a daj 

Jime l-i It was noted that the patient had made rapid improiement during 
the preceedmg twenty -four hours the motor signs improied faster than the 
sensory the abdommal reflexes were present but exhaustible 

June 18. The patient was able to raise tlie arms above the head The 
thighs and legs could oe well flexed 

June 20 Tne patient was disdiarged from the hospital m the following 
condition, no rigiaiy- of the neck slight bilateral Kernig sign present condition 
of cranial nerves could wrinkle forehead closed eyelids poorh , smiled shghth , 
barely able to show his teetii fundi normal , hearing normal taste and smell 
normal h^yiesthesia of anterior portion of tongue gone, mo\ements of tongue 
normal eleventh nerve normal phaiyngeal reflex present spmal motor reactions 
had good grip , flexors of arm good, right better than left muscles of legs mark- 
edly fmprored, quadriceps contraction good, able to sit up with slight support 
but reouired assistance to sitting position no drop root , sensory reactions 
superficial sense normal , slight astereognos’s and ataxia ot upper extremities , 
deep jomt sense m hands and feet absent, deep muscle and pain sense 
present, reflexes abdominal p'^esent, right cremasteric present left not elicited 
nlantar flexion phenomenon of foot elicited on both sides , deep reflexes 
absent visceral phenomena normal 

The patient had an atrophj of the left testicle He was afebrile during the 
entire coarse of his neurologic disorder 

The patient was again seen on June 2^, 192/ (four weeks after tlie onset or 
the paralysis) He was then able to stand with some assistance Quadriceps 
extension could be maintained for thirty seconds Right facial pow er w as 
rapidly returning to normal Deep reflexes and deep joint sense w'ere still absent 

June 29th The patient was able to sit up -voluntarily without support The 
upper extremities possessed practically normal pow'er The patient w as able to 
get out of bed and stood and took a few steps with some assistance The 
quadriceps extension could be maintained for one and one-half mmutes The 
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left loint sense in the foot had returned although the right ^^as still absent 
Tnc loint sense in the hands \\as normal All deep reflexes -^ere absent, but all 
superficial reflexes \\ere present The power of facial mo%ement was good, but 
the mo^emcnt of the lower part was better than that of the upper part 

The patient was seen again on September 11 He did not exhibit an\ residual 
signs of his pre\ious illness All sensor 3 , motor and reflex phenomena were 
normal and the patient was discharged cured 

COMMENT 

All of the cases of pol} neuritis reported presented the quadriplegic 
manifestations, but they varied in the nature of cerebral nerve involve- 
ment These patients varioush- had an invoh ement of the second, third, 
sixth seventh, eighth ninth, eleventh and tvvelftli nerves Our patient 
had bilateral involvement of the seventh nerv^e In all of the cases 
reported, the motor phenomena of the patient predominated, with the 
sensorv svmptoms and signs plapng a minor part This tvpe of poly- 
neuritis is usuallv of infectious origin, and the picture closel} resembles 
that occurring as a complication of diphtheria, influenza, typhoid fever, 
measles, scarlet fever, whooping cough, gonorrhea and syphihs Toxic 
polv neuritis, resulting from alcohol, lead arsenic, coal tars, mercury and 
otlier metals, also resembles this picture 

The common characteristics of all of the patients vvuth parotitic 
quadriplegia were flaccid paralvsis of all the extremities loss of both 
deep and superficial reflexes, slight or no superficial sensor}- disorders 
and a disturbance of the deep senses such as the joint and vubratory 
senses 

Xone of tlie cases were fatal All of the patients recovered com- 
pletelv, altliough the duration of the illness v^aried from one month to 
one vear 

The meningitis, how ever, vv hich occurs with mumps is a much more 
frequent phenomenon Acker ^ has collected 150 cases from the litera- 
ture Wollstem states that meningitis or meningo-encephalitis occurs 
m 23 per cent of the cases of epidemic mumps Gordon reported four 
fatal cases of mumps meningitis, and at autopsy demonstrated a 
Ijmphocytic infiltration of the pia-arachnoid with flattening of the sulci 
as evidence of increased intracranial pressure The spinal fluid in all 
cases of meningitis has alvvavs been clear and under pressure, and has 
contained a small number of lvmphoc}'tes (from 15 to 200) and a large 
amount of globulin 

10 Pollock L J and Cecil, R L Textbook of Medicine Philadelphia, 
W B Saunders Companv 1927 p 1334 

11 Wollstem M (footnote 10, p 288) 

12 Gordon M H Lancet 2 275, 1913 
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The question aiises as to the exact localization of this lesion ^^'lth 
the absence of abdominal leflexes, the presence of meningeal signs, the 
few sensory manifestations and the predominatingly motor phenomena, 
one wonders whether m addition to the polyneuiitis the patient did not 
have some involvement of the spinal coid The loss of abdominal 
reflexes without a bieak m the peripheial poition of the aic, either 
motor or sensory, makes one suspicious that a central lesion was present 
This case seems to confirm the growing concept among neuropatholo- 
gists that m all cases of polyneuritis theie aie some minoi changes in 
the cord 


SUMMARY 

A unique case of pol}neuiitic quadriplegia and bilateral facial para- 
lysis and meningitis complicating epidemic parotitis is leported 



EFFECT OF IODINE IN TOXIC ADENOMA-" 
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In recent }ears there has de\ eloped a general belie! that so-called 
adenomatous goiter with h} perthroidism (toxic adenoma) and exoph- 
thalmic goiter are t\\ o separate diseases Still more recently, this belief 
has been emphasized by the common acceptance of the view that iodine, 
though beneficial under certain conditions in exophthalmic goiter, is 
harmful to and contraindicated in cases of toxic adenoma Such a 
difference in response to iodine might well be expected to occur were 
it true that a fundamental difference exists behveen these tw^o types of 
tlwrotoxicosis Howe\er, conclusne eMdence of such a difference has 
not been presented, and it seemed that further exidence concerning the 
nature of toxic adenoma would be obtained by a trial of the effect of 
iodine in such cases Such a study could be expected to furnish further 
evidence of the relation existing betw'een exophthalmic goiter and toxic 
adenoma In 1924 we therefore began a study of the effect of iodine 
in cases of toxic adenoma 


METHODS 

Unselected cases of toxic adenoma, in which treatment with iodine 
had not preMOusl} been used, were studied The differential diagnosis 
in these cases w'as based on the generally accepted criteria for the diag- 
nosis of toxic adenoma, nameh , a charactenstic history, the presence of a 
nodular goiter absence of exophthalmos and absence of thrill and bruit 
over the th} roid gland The aA erage age of the patients in our senes was 
49 } ears, the aA erage duration of symptoms AA'as 2 8 years Symptoms 
referable to the heart AAere a prominent feature in many of the cases 
The pathologic obserAations AAere those of toxic adenoma in tvA’^enty-one 
of the tA\entA-fiAe cases in AA^hich the examination Asas made In the 
otlier four cases the presence of additional changes AAas at best ques- 
tionable The clinical material AAas obtained from a region of endemic 
goiter A\here such forms of the disease are common, and the diagnoses 
represent the combined opinion of seAeral experienced observers 
Special care aahs taken to exclude the so-called mixed forms of tlie 
disease, and a large number of such cases AA^ere discarded in this study 

■^Frorn the Department of Internal Medicine, Unnersitj of Michigan 
Medical School 

* Read in abstract at the meeting of the American Societ} for Clinical 
InACStigation Atlantic CitA, ^Ia\ 2 1927 
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The plan of study called for a preliminary period of about ten days 
of lest 111 bed and ordinary medical treatment in the hospital foi the 
purpose of diagnosis and stabilization Iodine was then administeied, 
nearly always in the foim of a compound solution of iodine, 5 minims 
(0 3 cc), three times daily, and the effect noted As a control, 
unselected cases of exophthalmic goiter in which the patients were 
similarly treated with iodine and a few cases of toxic adenoma in which 
the patients were not tieated with iodine were obseived 

RESULTS 

Seventy-eight cases of toxic adenoma were available foi study, and 
these patients weie treated with iodine For various reasons, chiefly 
social and economic, the complete plan of study could not be carried out 
111 a considerable number of the cases, but faiily complete data was 
obtained in thirty of the seventy-eight Less complete data was obtained 

Table 1 — Pei ceniagc of Reduction of Basal Metabolic Rate to Noiinal 
in Thiity Unsclected Cases of Toxic Adenoma m Which the 
Patients Weie Tieated With Iodine 


Percentage of Reduction of Basal Metabolic 

Rate to Normal (+10) Number of Oases 


Less than 25 0 

25 to 49 9 

50 to 74 S 

75 to 100 7 


m the remainder, and while these cases have not been used directly in 
this study, they offer important supplemental y evidence in support of 
the observations obtained in the thiity cases more completely studied 

Twenty-four of the thirty patemts, oi 80 per cent, showed a favor- 
able response to the iodine similar to that obseived m unselected cases 
of exophthalmic goitei under similai conditions In six cases, theie was 
little or no response Particularly impoitant is the fact that evidence 
of an unfavorable effect of the iodine was obtained only when the admin- 
istration of iodine was discontinued or unduly piolonged In such 
instances, to be discussed later, a i elapse occurred, as is seen in exoph- 
thalmic goiter under similar cii cumstances 

In charts 1, 2 and 3 are shown the curves of the basal metabolic 
rates in the twenty-four cases in which the patients’ response to iodine 
was favorable In table 1, the thiity cases are giouped according to the 
peicentage of reduction of the basal metabolism to noimal, foi this 
purpose we used the last basal metabolic late before the administration 
of iodine was begun ^ and the minimum i ate af tei iodine (bef oi e opera- 

1 lA^hen deterininations of the basal metabolic rate were made on the 
day on which the administration of iodine was started or on the following 
day, they have been considered as the ‘pre-iodine rate in this connection 





Chart 1— Curves of basal metabolic rate in cases of toxic adenoma, 1 to 
8 inclusive, in which the patients were treated with iodine 
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Chart 3 — Curves of basal metabolic rate of cases of toxic adenoma, 17 to 
24 inclusive, in which the patients were treated with iodine 



Chart 4 — Curves of basal metabolic rate in six cases of toxic adenoma 
in which the patients showed little or no response to iodine 
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tion) It IS seen that 6 of the 30 cases showed a reduction of less than 
25 per cent , 9 showed a reduction of from 25 to 49 pei cent , 8, a reduc- 
tion of from 50 to 74 per cent, and 7, a reduction of from 75 to 100 per 
cent Twenty-four showed a 25 per cent, or greater, reduction of the 
basal metabolic rate, and, with two exceptions, these cases have been 
included in the group showing a favorable response to iodine The 
exceptions (cases 3 and 5, chart 4), although they showed a reduction 
in the basal metabolic rate of 50 and 42 per cent, respectively, have been 
included in the group showing no response to iodine, because clinical 
signs of improvement were absent Conversely, two cases (cases 9 
and 10, chart 2) that showed a reduction of the basal metabolic rate 
of less than 25 per cent have been included in the group showing a 
response to iodine, because there was marked remission of the clinical 
signs and symptoms of the disease In this connection, it is impoitant to 


Table 2 — Comparison of Peiccntagc of Reduction of Basal Metabolism 
VI Twenty-Four Cases Each of Toxic Adenoma and Exophthalmic 
Goitei Showing Favorable Response to Iodine 



Number of Oases 

Percentage of Reduction 

A 

to Rormal (-‘- 10 ) 

Toxjc Adenoma 

Exophthalmic Goiter 

Less than 25 

2 0 

20 to 50 

S 

7 

50 to 75 

7 

11 

75 to 100 

7 

6 


note that while the basal metabolism has been selected for the purposes 
of illustration as the best single evidence of the effect of iodine on these 
patients, it is not the only guide In addition to the drop in basal 
metabolism, these patients exhibited a decreased pulse rate, gam in 
■tt eight, lessened nervousness, amelioration of the cardiac symptoms and 
other clinical evidences of improvement 

In table 2 is shown a comparison of the degree of reduction of the 
basal metabolism in the twenty-four cases of toxic adenoma in which 
the patients showed the effect of iodine and in twenty-four unselected 
cases of exophthalmic goiter in which the patients showed the same 
favorable response to this drug The average drop in the group of toxic 
adenoma was 22 points and in the exophthalmic group 30 points, while 
the a^erage percentage of reduction of the basal metabolism was 58 and 
64, respectively Chart 5, in which are charted the last basal metabolic 
rates previous to tlie administration of iodine and the minimum rates after 
its administration, illustrates the similarity of response to iodine by 
patients v ith exophthalmic goiter and by those with toxic adenoma 

In four cases, there was a relapse or an escape from the effect of 
the iodine, and the previous or a worse clinical condition was noted 
In tn’o instances the relapse was associated with the discontinuance of 






Chart 5 — Comparison of basal metabolic rates before and after administra- 
tion of iodine in twenty-four cases of toxic adenoma and m twenty-four cases 
of exophthalmic goiter The last basal metabolic rate before the administration 
of iodine and the minimum rate after this medication are charted The dots 
indicate cases of toxic adenoma , the triangles, exophthalmic goiter 



Chart 6— Curves of basal metabolic rate in four cases of toxic adenoma 
showing relapse following discontinuance or prolonged use of iodine (cases 
1 and 2 and cases 3 and 4 respectively) A similar curve in a case of exoph- 
thalmic goiter is shown for comparison (case 5) Cross hatching indicates 
the period of iodine administration 
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jodane, and an two cases “VMth the long contanued use of thas drug In 
all four cases the relapses followed aaiataal remassions and were samilar to 
those seen an cases of exophthalmac goiter under similar circumstances 
Chart 6 show s the cur\ es of the basal metabolic rates in these four cases, 
and for comparison a similar cur\e has been added m a case of exoph- 
thalmic goiter in which a relapse occurred following the prolonged use 
of iodine 

Patients w ith toxic adenoma not treated w ith iodine did not show the 
characteristic sudden drop in the metabolic rate and remission in clinical 
signs and S}mptoms seen m the patients treated wuth iodine 

COMMEXT 

The results presented in this paper indicate that patients wnth toxic 
adenoma, pre\ loush untreated w ith iodine respond to its use in 
essential!} the same w a} as patients with exophthalmic goiter It is true 
that the basal metabolic rates do not show the same uniformit} of drop 
following the administration of iodine or on the a\erage as marked a 
drop as m selected cases of exopnthalmic goiter Howe\er it should be 
borne in mind that the cases of toxic adenoma reported here are an 
unselected group, and that the results compare faAorably with those 
obtained in a similar!} unselected group of patients with exophthalmic 
goiter obsened concurrent!} It is also probable that had an oppor- 
tunit} been gnen for further determinations following the use of iodine, 
many of tlie patients would ha^e exhibited a further drop in the basal 
metabolism The fact that mam had improved so remarkabl} that it 
“teemed unwise to dela\ further the operatne treatment indicates the 
degree of impro\ement Further, the fact that similar clinical obseiw'a- 
tions were made m fort} -eight additional cases adds strong supplemental 
e\idence of the fa\orable effect of the iodine in toxic adenoma It is 
possible that larger doses of iodine might ha^ e caused a greater response 
in some of the more toxic cases, particularly in those in which the basal 
metabolism was high As howe\er a uniform dose of compound solu- 
tion of iodine, 5 minims fOS cc ) three times a day, was emplo}ed to 
maintain standard conditions, this factor remains undetermined 

Xot onl} was a similarit} obsened between toxic adenoma and 
exophthalmic goiter as far as the favorable response to iodine is con- 
cerned, but a similant} in the lack of response was likew'ise noted A 
certain proportion of the patients with toxic adenoma failed to respond 
to iodine as do a certain number of patients with exophthalmic goiter 
Final!} the patients with toxic adenoma showed the same kind of relapse 
when iodine was discontinued and the same escape from its effect when 
the drug was long continued as was seen in the exophthalmic form of 
the disease It would seem justifiable to conclude that whatever differ- 
ence exists in the patient s response to treatment w ith iodine in toxic 
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adenoma and in exophthalmic goitei, it is merely a quantitatne and not 
a quahtatn^e one Appaieiitly, no essential difference in the pathogenesis 
of these two t}pes of thy lotoxi costs can be assumed on the basis of the 
patient’s i espouse to treatment with iodine 

Occasional cases of toxic adenoma in which the patient lesponded 
favorably to iodine weie leported in earliei articles on the action of iodine 
in exophthalmic goitei , - Boothb} ^ has stated that certain patients with 
h}'per functioning adenomatous goiter impiove aftei the administration 
of this drug The explanation of the eftect in such cases has geneiall) 
been considered unsettled Since this woik was begun, howeier, two 
repoits ^ have appealed in which the obseivations aie essentially in 
accord with ouis, as are the conclusions of the authors In fact, the 
average degree of drop m the basal metabolism in the cases leported by 
Stan in magnitude approaches even more closely that seen m exoph- 
thalmic goiter 

This 1 espouse by patients with toxic adenoma to treatment with 
iodine, so essentially similar to that seen ni exophthalmic goiter, cannot 
be explained on the basis of incoirect diagnosis, granting for the piesent 
that an acceptable difterential diagnosis unifoimly exists All of our 
patients presented the cluneal cnteria said to be necessai}^ for the diag- 
nosis of toxic adenoma They came fiom a legion in which this condi- 
tion is common, and were seen m a clinic in which the staff was familial 
with this form of the disease The pathologic obseivations were those 
common^ accepted as being chaiacteristic of toxic adenoma, gi anting 
that such a pathologic diffei entiation exists Finally, the independent 
report of essentially similar results from thiee widely separated clinics 
makes the likelihood of eiioi based on mistaken diagnosis extremely 
impiobable 

Of course, spontaneous impioiement occurs in patients with toxic 
adenoma, but it also occurs m patients with exophthalmic goiter, and 
this fact may ha\e some influence on the lesults obtained in both forms 
of the disease 

The reason foi the quantitative difference m the i espouse of patients 
with these two forms of the disease to tieatment with iodine is unde- 
termined That it beais a i elation to possible quantitative differences 
in the pathologic changes in the thyroid gland seems piobable The 

2 Mason, E H Iodine Therapy in Toxic Goiter Tr A Am Plus 
39 174, 1924 

3 Boothby, W M The Use of Iodine in Exophthalmic Goiter, Endo- 
crinology 8 727 (Nov ) 1924 

4 Graham, A and Cutler, E C Exophthalmic Goiter and Toxic 
Adenoma Similarity of Response to Iodine, Ann Surg 84 497 (Oct ) 1926 
Starr, Paul The Course of Hypertlu roidism Under Iodine Medication, Arch 
Tnt Med 39 520 (April) 1927 
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qualitative changes which undoubtedly occur may play no diiect part in 
the response to treatment, except as they modify quantitatively the 
changes common to both foims of the disease The reason for the lack 
of response to iodine m occasional cases of both forms of the disease is 
not clear, and this problem, which may have a bearing on pathogenesis, 
avv^aits solution 

That patients with toxic adenoma have a i elapse associated with 
the discontinuance of iodine or its prolonged use, following initial 
improvement, is of great importance aside from the fact that in this 
way they behave like patients with exophthalmic goiter It explains 
completely, it seems to us, the widespread misconception that iodine 
initiates toxicity in cases of adenomatous goitei that previously were not 
toxic Aftei initial and unrecognized improvement, patients in whom 
uniecognized and often mild thyrotoxicosis has existed prior to the 
administration of iodine develop an exacerbation of symptoms asso- 
ciated with the discontinuance or prolonged use of the iodine The same 
phenomenon occurs in cases of exophthalmic goiter, and the emphasis 
which has been focused on its occuirence in adenomatous goiter, together 
with the mistaken interpretation that has been made, has served to 
increase geneially the belief in a fundamental difference between these 
two types of the disease In contrast with this mistaken interpretation 
of the action of iodine, Graham and Cutler^ have recently reported 
that they failed to produce toxicity by giving iodine to patients with 
adenomatous, previously nontoxic, goiter On the basis of our present 
knowledge, it seems improbable that iodine ever causes toxicity in a 
patient with a nontoxic adenomatous goiter, no matter m what doses the 
diug IS used 

SUMMARY AND CONCLUSIONS 

The response to treatment with iodine in thirty unselected patients 
with toxic adenoma who were previously untieated with iodine was 
essentially the same as that seen m unselected cases of exophthalmic 
goiter Whatever differences exist are apparently quantitative, not 
qualitative No essential difference m the pathogenesis of toxic adenoma 
and exophthalmic goiter can be assumed to exist on the basis of this 
lesponse to treatment with iodine 



CHRONIC ULCERATIVE COLITIS WITH REFERENCE 
TO A BACTERIAL ETIOLOGY 

EXPERIMENTAL STUDIES 

MOSES PAULSON, MD 

BALTIMORE 

Chronic ulcerative colitis is an involvement of the large intestine and 
IS of unknown etiolog)’’ The disease usually begins in the rectum, 
sometimes at the mucocutaneous border of the anus , it may remain 
localized in the rectum or it may extend upward Anatomically, the 
process is characterized by primarily involving the mucosa, the condition 
var3ung from edema and h3'peremia with easy bleeding to miliary 
abscesses with subsequent discrete, petechial ulcers and “pocklike” 
scarring ^ In some instances, there is an extension to the other layers 
of the intestine, lesulting m the narrowing of the lumen of the affected 
part by extensive fibrosis Myocardial changes and metastatic involve- 
ment of joints ma)’ occur - Climcall)', this disease is characterized by 
diarrhea — continuous or intermittent — ^with blood, pus, mucus, emacia- 
tion, debilit5q progressive anemia and at tunes pyrexia 

From time to time numerous investigators in different, and some- 
times widely divergent, fields have made •varied attempts to ascertain the 
etiologic factor, at least m part, of this condition Impressions may have 
been gained, but definite conclusions have never prevailed in the light of 
subsequent experience and investigation 

The damage caused by tins disease, the poor piognosis and the 
unsatisfactory management and treatment have led to another study 
witli a view to determining, if possible, a bacterial etiology 

Specifically, tlie purpose of this study was to isolate bacteria, not 
including colon bacilli, from the bases of ulcers and from the mucosa 
when ulcers were not present in cases of acute exacerbations of chronic 
ulcerative colitis, with a view to establishing the consistent presence and 
preponderance of a definite bacterium, also to study the results in 

“From the Department of Medicine, Gastro-Intestinal Clime and from the 
Department of Pathology and Bacteriology of the Johns Hopkins Hospital and 
School of Mediane 

*Read before the Section on Gastro-Enterology and Proctologv at the 
Seventy-Eighth Annual Session of the American kledical Association, Washing- 
ton, D C , May 20, 1927 

1 Buie, L A Chronic Ulcerative Colitis, J A M A 87 1271 (Oct 16) 

1926 

2 Brown, T R Some Obseriations on Chronic Ulcerative Colitis, Ann 
Chn Med 4-425 1925 
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rabbits following the intra\enous administration of organisms thus 
isolated and fiom other sources Incidentally, a small comparative stud^ 
was made of the flora of the human colon when normal and when the 
seat of ulcerative colitis 

Aerobic and anaeiobic streptococci isolated fiom feces and from 
the mucosa of the sigmoid of apparently normal persons, anaerobic 
streptococci from cases of ulcerative colitis, as well as more oiganisms 
from sources other than the intestine, aie being studied further and will 
he the subject of a subsequent report 

METHODS or STUDY 

Fourteen cases of acute exacerbations of chronic ulcerative colitis wac 
studied Each patient was given two enemas one, during the early night 
preceding the daj' of examination, the other in the morning, one hour befoie 
the investigation Immediately preceding the examination, the anus was cleansed 
with a preparation of green soap and water followed by a 1 1,000 solution of 
mercuric chloride A sterile sigmoidoscope was then inserted If any excreta — 
blood, mucus, pus, feces — vere encountered in spite of these efforts, they were 
aspirated by means of a water suction pump, through a sterile aspirator inserted 
through the sigmoidoscope Sterile swabs then cleansed that part of the involved 
intestine from which material was to be secured for bacteriologic study Finally, 
specially prepared swabs’ were introduced into the sigmoidoscope, with these 
the bases of ulcers were explored, and when ulcers were not present, the 
hypereniic, edematous, easily bleeding, friable mucous membrane was scraped 
Two, three and sometimes four swabs were employed during each examina- 
tion Each swab was introduced into a warmed tube of Rosenow’s dextrose 
brain broth immediately after use These tubes were incubated at 37 C for from 
SIX to twenty-four hours , that is to say, at leas<- one tube in each case was 
incubated for six hours , the others remained in the incubator for twentj-^-four 
hours 

From each tube smears were made and stained by Gram’s method for the 
purpose of ascertaining, morphologically, the types of organisms present 

There vas a deviation from this procedure in one instance In this case, fol- 
loiMiig the administration of enemas and an anal cleansing, a sterile rectal tube 
was inserted for a distance of 10 cm A viscid, mucopurulent, sanguineous 
excretion was secured A loopful of this mixed material was placed in each of 
se\cral w'armed tubes of dextrose brain broth, and incubated, subsequently, 
smears were made in the manner as already described 

The work, of isolating the organisms w'as next performed This was done 
b}" the blood agar plate method The mediums employed and the procedure fol- 
lowed m this method were essentially the same as those described and used by 
Brown m his monograph on streptococci,* with the following addition plates 
were made from six as well as from twenty-four hour cultures 


3 A cotton swab is attached to a 13 inch iron wire applicator This is 
enclosed wuthin a glass tube 11 inches long, the purpose of the latter is to assist 
m pre\enting the swab from touching any other than the desired part 

4 Browm, J Howard The Use of Blood Agar for the Study of Strepto- 
cocci, Monograph 9, Rockefeller Inst M Research, 1919, p 6 
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These plates were incubated over night On the following morning, the^ 
were studied for colonies with beta and unquestioned alpha zones The plates 
were then refrigerated for twenty-four hours, and at the end of that period 
studied again, especially for colonies with alpha and gamma zones, and the 
number of each variety was ascertained The alpha, beta and gamma classifica- 
tion used was that described by Brown “ The isolated colony was inoculated into 
dextrose brain broth and after twenty-four hours into pancreatic digest bouillon 
After twenty-four hours’ incubation, cultures were made from the latter on 
blood agar slants for stock and to secure material for the ascertaining of encap- 
sulation by the india ink method, sugar fermentation and bile solubility tests 
were then performed 

The bile solubility test was performed in the manner described in the “Medical 
War Manual no 6, Laboratory Methods, U S Army” The mdia ink method 
of detei mining encapsulation was done by mixing a loopful of material from a 
heavy twenty-four hour blood agar slant growth with a loopful of india ink and 
covering the moist preparation with a coverslip This was examined immediately 
thereafter for the presence of a light halo (capsule) about the organism 

The sugar fermentation tests were performed in the following manner Pure 
cultures were inoculated into mediums for fermentation tests within ninety-six 
hours after isolation The test mediums were inoculated from pure cultures in 
pancreatic digest broth, a sugar-free medium, in which the organism grew 
abundantly Pancreatic digest broth was also used as the basic medium for the 
fermentation tests The test substances were dextrose, maltose, lactose, saccharose, 
raffinose, muhn, mannite and salacm autoclaved in 10 per cent acqueous solution 
and then added aseptically to the broth so as to make about a 1 per cent solution 
of the test substance in the broth Milk was also used as a test medium Cul- 
tures in the test mediums were incubated five days and then tested for acid 
production by the addition of a couple of drops of brom cresol purple solution 
to each tube In the tests in which the indicator showed a variation from the 
original purple to a definite yellow, the cultures were regarded as fermented 

Rabhits weighing about 1,600 Gm were used in this study Great care was 
taken in their selection , they came from good stock and had never been used in 
any other experimental study During the period of observation prior to their 
use, which varied from four days to weeks, they never appeared ill, were free 
from diarrhea, and grew consistently on a ration consisting of hay, oats, lettuce, 
cabbage and sprouts 

Reference has been made already to the over night incubation of dextrose brain ' 
broth inoculated with the desired colonies secured from blood agar plates Such 
cultures were intravenously >njected into rabbits in varying dosages In some 
instances, one dose was administered, in most cases, more than one dose was 
given In second and subsequent injections, the cultures used on each occasion 
were twenty-four hour growths in dextrose brain broth of the desired organisms 
secured from blood agar slant stock cultures, the second and suhsequent injec- 
tions were administered in varying dosages at frequent but irregular intervals A 
total amount of from 2 to 15 cc was given In two instances, mixed cultures 
were administered These were originally fished from beta zoned colonies in 
blood agar plates and grown in dextrose brain broth for twenty-four hours 
When subsequent doses were administered, the cultures were prepared from blood 
agar slant stock cultures as heretofore described The organisms present in 

5 Brown, J Howard The Use of Blood Agar for the Stud\ of Strepto- 
cocci, Monograph 9, Rockefeller Inst M Research, 1919, p 8 
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these mixed cultures ^\ere isolated and mdiMdualh studied, thej pro\ed to be 
Bactllus coll and alpha zoned chain-forming streptococci A total of from 1 5 to 
6 cc uas administered 

B coll was isolated from ulcers in a case of amebic dysenterj as well as from 
a normal sigmoid B dysciitcnae (Flexner and Shiga), a beta hemolytic strepto- 
coccus from the uterus of a human being suffering w'lth puerperal sepsis and 
alpha hemohtic streptococcus secured from my throat, as well as a dead culture 
of a beta hemolytic streptococcus from a case of scarlatina, W'ere injected into 
rabbits and studied in the manner alreadj described Dosages ^arylng from 
0 01 to 10 cc were administered 

Autopsies w ere performed on all animals that died or w'ere killed All viscera 
were examined carefully, and cultures of heart blood w’ere taken and studied 
Lesions were sectioned and later examined microscopically 


OBSERVATIONS 

The primary dextrose biain broth cultures, without exception, w^ere 
mixed Moi phologically, whether it was a six or a twenty-four hour 
culture, there was nothing characteristic about it other than a lesser or 
gi eater giowth In each instance there w'as a prepondei ance of gram- 
positive oigamsms Gram stained smeais from primary dextrose brain 
bioth showed diplococcal, short and sometimes somewhat long chained 
anangements of what appealed to be, on the basis of morphology, 
streptococci, small clumps of cocci, and rods suggestive of B welcJm 
Giam-negative bacilli weie present in abundance 

It was soon learned that the morphologic picture of the original or 
primary dextrose brain broth was not helpful, on the contrary, it was 
misleading An abundance of gram-positive bacteria w^ere invariably in 
evidence in stained smears Yet it was so difficult to isolate any bacilli 
other than gram-negative bacilli on blood agai plates that m each of 
SIX cases an additional sigmoidoscopic examination w^as required, and in 
three other cases two additional examinations weie necessaiy for the 
securing of moie material for further attempts at isolation 

Because of these difficulties in isolation, freshly prepared blood agar 
plates from three cases of ulcerative colitis were placed m anaeiobe jars 
for foity-eight hours Invariably, colonies witb beta zones predom- 
inated, surface colonies and sometimes colonies with gamma zones 
Avere present The beta zoned colonies showed diplococcal and chain 
formation arrangements of streptococci, the surface colonies showed 
gram-positive bacilli {B zvelchu), and the gamma zones evidenced gram- 
negative bacilli which fermented lactose and produced gas (B coh 
group) These w^ere contrasted with plates growm aerobically These 
aerobic plates in most instances \vere dominated by gram-negative 
bacilli 

A similar interesting situation arose w'ben material w'as secured from 
the mucosa of the sigmoids of thiee peisons wdio had always been free, 
as far as could be ascertained from diarrhea and organic disease of the 
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gastro-intestinal tract These peisons weie piepaied foi examination, 
and the material was secured from them in exactly the same manner as 
m cases of ulceiative colitis In these appaiently noimal peisons, 
streptococci weie not demonstiable on aeiobic blood agai plates, although 
stained smears fiom dextrose biain broth showed many gram-positive 
diplococci and chains of stieptococci not unlike those seen in cases of 



Fig 1 — Colon of rabbit intravenously injected with a culture of streptocf cci 
from an alpha zoned colony The organism did not ferment saccharose, raffinose 
and inulin There is some infiltration and, in part, necrosis of mucosa with sub- 
mucous inflammatory involvement The lens used in the illustrations was 
Zeiss, apochromate no 10 

ulcerative colitis Here, too, aerobically, surface, gamma and sometimes 
beta zoned deep colonies prevailed which pioved to be gram-negative 
bacilli Yet, when plates weie placed in anaeiobe jars for forty-eight 
hours, colonies similar to those noted on the plates giown anaerobically 
from cases of ulcerative colitis were present, except that in the latter 
group of cases, possibly moie surface colonies of gram-positive bacilli 
(B wclclm) were found 
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No alpha zoned colonies ■v\ere noted on the plates incubated anaerobi- 
calh Mith material eitlier from apparent!} normal persons or from per- 
sons Mith ulceratiAe colitis Bro^\n however, points out that “under 
anaerobic conditions alpha t}pe streptococci and pneumococci produce 
beta zones ^ 

In other words, other tlian an apparent increase in B ‘loeldm on 
anaerobic plates and the presence of streptococci in aerobic plates in cases 



Fig 2 — Rectum oi rabbit uitra'senoush injected with an alpha zoned strepto- 
coccus, diplococcal in morpho]og\, and not fermenting inuhn and mannite 
(Bargens criteria) There is marked infiltration of submucosa 

of ulceratne colitis as contrasted A\ith no demonstrable streptococci on 
aerobic plates from swabs from the thoroughl}’ cleaned rectums and 
sigmoids of persons who did not present diarrhea or organic gastro- 
intestinal disease definite differences AAere not noted in this small com- 


6 Brown J Howard The Use of Blood Agar for the Studj of Strepto- 
cocci Monograph 9 Rockefeller Inst M Research 1919 p 95 
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parative group Stained smears of primary dextiose brain broth cul- 
tures in this same small comparative group did not show any distinctive 
morphologic differences 

Stained smears from fecal suspensions from pancreatic digest hioth 
made from dejected excieta of three patients who had not had diarrhea 
or organic gastro-mtestinal disease, but who had taken considerable 
milk in then diet, showed a morphologic picture not unlike that seen in 
primary dextrose brain broth cultuies fiom mateiial seemed from the 
bases of ulcers m cases of acute exacerbations of chronic ulceiative 
colitis 

Ten types of stieptococci weie isolated fiom thirteen cases (table 
1 ) In the fourteenth, foims other than colon bacilli could not be isolated 
from thiee swabs which had been taken from the bases of ulceis on 
two separate occasions and after the examination of eighteen plates 
Eight types presented alpha zones , two, beta zoned colonies 

To explain further In three cases, an alpha zoned colony pre- 
dominated, but in onty one of these thiee instances was the organism a 
diplococcus that did not ferment iiiulin and mannite (Bai gen’s criteria) 
Incidentally, in the other case in which the bacterium meeting Bargen’s 
description was isolated, it did not appear in predominance In one case 
a beta hemolytic, chain-forming streptococcus was present in marked 
preponderance, in still another case, alpha and beta zoned colonies of 
chain-forming stieptococci were about equally numerous and together 
represented only half of the total number of colonies piesent Two 
cases shoved a prepondeiance of beta zoned colonies which pioved 
to be mixed, i e , gram-negative bacilli predominated ovei a chain- 
forming streptococcus Subsequent isolation resulted m the strepto- 
cocci appearing as alpha zoned colonies on blood agar plates In the 
remaining seven cases, colon bacilli (giam-negative bacilli which fer- 
mented lactose and pioduced gas) dominated the scene, appealing m 
varied types of colon}’' forms with few streptococci present 

All of the COCCI weie insoluble in bile and did not show capsule 
fomiation No changes occurred in the retesting of the organisms by 
the fermentation test within from two to six months after the original 
isolation Vaiiations did not occur m the moiphologic pictures in liquid 
mediums after a similar period of time 

The streptococci isolated from material secured from the bases of 
ulcei s m cases of acute exacerbations of chronic ulcerative colitis as in 
streptococci isolated from other sources and other conditions, do not 
have any characteristic morphology within themselves It should be 
emphasized that the appearance of a lancet-shaped gram-positne 
diplococcus with little if any tendency to chain formation is not charac- 
teristic of any one type of streptococcus This appearance had been 
observed, not only in the group which had failed to feniient inulin and 
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rnanmte ( ti^e same group had fermented ail other test substances men- 
t ored under '^Methods of Stud_v* ) but in strains v.hich fermented all 
but mannite Ttiis morpholog} "nas similarly obser’.ed in a strain not 
fermenting mubn although it fermented marmite In a six to tivehe 
hour culture in hquid medium of a streptococcal strain not fermenting 
saccharose rafhnose ard inulin and in a similar culture of another strain 
not fermenting saccharose ramnose inulin and lactose but aadifying 
milk diplococci v.*ith virtually no tendenerr to chain formation v.ere in 



Fg 3 — Rectiur of tzddz injected ntraierousl; v.th zn alpha zoned, long 
azzm four '■g strep‘c coccus not ferxperting salacin ra'rnose. nannite and ineLn 
Tre'c iS mar’ ed indamma'on reacT on m the samiecosa jth hmphoid 
h. perplas a. 


etiaence in stained smears Only after subrultivation in liquid mediums 
for m ent}*-f our hours aid the last tivo mentioned tu-pes shov.* definite 
short chain formation 

Blood agar plates shoving alpha colonies after being refrigerated 
for about a month in some instances evdenced grossly beta zoned 
colonies but the microscopic examination revealed that the change v.as 
only apparent for the blood corpuscles about the colonies vrere still 
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present Frequently, gamma colonies on blood agar plates — plates kept 
at room temperature for about a week or more — showed some alteration 
in the appeal ance of the surrounding medium Microscopically, how- 
ever, It was evident that the colonies were neither alpha noi beta In a 
few cases, stock cultures some months old were replated No changes 
from the original weie observed m the type of colony appealing then 
on the blood agar plates It is submitted that the constancy of the 



Fig 4 — Rectum of rabbit injected intravenously with a culture from a beta 
zoned colony The culture was mixed colon bacilli and an alpha zoned chain 
forming streptococcus The latter organism did not ferment lactose, saccharose, 
raffinose, inulin and acidified milk There is mucosal necrosis, marked cellular 
infiltration in the submucosa and lymphoid hyperplasia 

colonies on blood agar plates as seen by inia o<!COptc examination, as 
well as the constancy of the morphology and of the fei mentation tests, 
modestly confirms the work of Brown 

7 Brown, J Howard The Use of Blood Agar for the Stud> of Strepto- 
cocci, Monograph 9, Rockefeller Inst M Research, 1919, pp 77-82 
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Thirt}-four rabbits %\ere injected intra^ enousl}’- -with seven tjpes of 
organisms isolated from cases of ulcerative colitis after the manner 
already described in detail (table 1) Four rabbits are living, the) did 
not show diarrhea oi signs of illness at any time, tliirty died or were 
killed and fourteen showed lesions, confirmed by section, var)mg from 
mucosal to mucous and submucous inflammatory involvements, with the 
muscularis sometimes invaded The lesions ranged from hemorrhages 
and necroses to ulcerations The locations of the lesions were as fol- 



Fig 5 — Colon of rabbit injected mtravenouslj with an alpha zoned strepto- 
coccus, diploccal in morphoIogj% which did not ferment mannite The mucosa is 
destro\ed There is marked cellular infiltration in the submucosa 


lows duodenum, 1, jejunum, 1, ileum, 5, appendix, 0, cecum, 3, 
colon, 10, rectum, 9, anus, 2 

Six of the thirt}’- rabbits which came to autopsy were injected intra- 
^enousl) with a bacterium that met the following criteria The organism 
presented itself on a blood agar plate as an alpha zoned colony, it 
appeared constantly as a diplococcus without tendency to chain forma- 
tion, It did not ferment inulin and mannite, and, like all other organisms 
studied, it was insoluble m bile and did not present any capsules 
(Bargen’s criteria) One rabbit of this group showed a lesion m the 
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colon and lectum, but did not give any evidence of diarihea The other 
five rabbits did not give any evidence of lesions or diarrhea The remain- 
ing twenty-four rabbits were injected with other types of streptococci 
isolated fiom cases of ulcerative colitis The lesions occuired exactly as 
already enumerated with reference to locations, with the exception of the 
one colon and one rectal lesion noted already Eight of the twenty- 
foui labbits showed evidences of diarrhea about their bodies and cages, 
four showed blood and four did not At autopsy, five rabbits showed 
loose, ill foimed fecal material, m two of these the feces presented 
mucus, but blood was not seen m the feces of any of them , six rabbits 
showed evidences of diairhea with blood In all, twelve labbits showed 
diaiihea in one way or another 

Twenty-two of the labbits weie injected intiavenously with definite 
chain pioducing streptococci, ten showed lesions m the following loca- 
tions duodenum, 1 , jejunum, 1 , ileum, 4, appendix, 0, cecum, 3 , colon, 
6, rectum, 7, anus, 2 

In none of the thirty rabbits on which autopsy was performed were 
gloss denionstiable lesions noted elsewheie than in the intestine, with 
the exception of pericarditis with eflfusion and a myocardial abscess in 
one, bronchopneumonia in anothei, and an enlaiged gallbladdei in each 
of two otheis These five gioss extra-enteric lesions occurred among the 
fourteen animals showing intestinal involvements 

Sixteen of the thirty rabbits intiavenously injected with vaiious 
forms of streptococci from cases of ulcerative colitis did not manifest 
any lesions at autopsy They died from septicemia The organisms 
injected weie lecoveied fiom the heart blood 

Twenty additional labbits weie injected intravenously with seven 
types of bacteiia fiom souices other than the bowel of patients with 
ulcerative colitis (table 2) Four labbits are still living, and they did 
not show evidences of diarrhea or signs of illness at any tune Twelve 
of the sixteen labbits that died or were killed showed lesions in the 
intestinal tiact, confiimed by section Giossly and microscopically, the 
lesions were not unlike those seen in rabbits injected with organisms 
from cases of ulcerative colitis , they varied from mucosal to mucous and 
submucous inflammatory involvements, with the muscularis sometimes 
invaded, the lesions ranged fiom hemorihages to necroses or ulcerations 
The locations of these involvements within the intestine, however, were 
diffeient duodenum, 0, jejunum, 1, ileum, 4, ileocecal valve, 1, 
appendix, 0 , cecum, 6 , colon, 4 , lectum, 5 , anus, 0 Two labbits showed 
definite involvement of the gallbladder , one showed a definitely enlarged 
spleen and anothei , an hepatic abscess , otherwise no other viscera were 
grossly involved In the few labbits with extra-enteric lesions, the intes- 
tinal involvements weie the more maiked, pionoiinced or extensive, with 
the possible exception of the case of the hepatic abscess Nine of the 
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sixteen rabbits evidenced diarrhea with or without blood eithei clinically 
01 at autopsy Clinically, f oui animals showed diai rhea without blood , 
two, with blood At autopsy, seven showed liquid feces in the colon 
without blood , two, with blood Four rabbits did not show lesions, but 
died as a i esult of septicemia 

Bargen of the Mayo Clinic, woikmg in Rosenow’s laboratory, claims 
to have isolated a gram-positive diplococcus which he legards as the 
etiologic factor in idiopathic tilceiative colitis He ascribes definite 
cultuial chaiacteristics to this oiganism which he is able to isolate, and 
which appeals in prepondeiance in 80 per cent of his cases, it appears 
on a blood agar plate as an alpha zoned colony, foims gioups of twos 
and fouis, sometimes has a capsule, is bile-msoluble and does not fei- 
ment inulin and mannite but always feiments dextiose, maltose, lactose, 
sacchaiose, laffinose and salacin and acidifies milk He adds, howevei, 



Fig 6 — Rectum of rabbit injected intravenously with an alpha zoned strepto- 
coccus, chain forming, isolated from the author’s throat This organism did not 
ferment salacin, raffinose, mannite and inulin The dark areas indicate sub- 
mucous hemorrhages 

that after weeks oi months, the leactions of the last six sugais may 
vary,® in othei words, the nonfei mentation of inulin and mannite by 
this oiganism is a constant charactei The intiavenous injection of 
labbits and some dogs with dextiose brain broth cultuies pioduced 
lesions vaiying from hemoiihages to ulceiations, piimaiily in the colon, 
in somewhat moie than 30 pei cent of the labbits so tieated ® No gioss 
demonstiable lesions aie lepoited elsewheie 

Diplococcus IS merely a desciiptn'^e moiphologic teim Many strains 
of stieptococci under ceitain conditions grow as diplococci indistinguish- 
able fioni that desciibed by Baigen As noted iindei “Observations” in 
this paper, seveial other vaiieties of streptococci fiom cases of ulcerative 
colitis gave similai appeal ances, especially in eail}'^ cultures In agree- 

8 Bargen, J A, and Logan, A H Experimental Studies on the Etiologj' 
of Chronic Ulcerative Colitis Suggestions for a More Rational Form of Treat- 
ment, Collected Papers of Mavo Clinic, 1925 no 17, pp 266-267 
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ment v.-iili this op nion Torrey stated that Bargen sent me ti’-o of his 
strains ^ BB and HSj and in my opimon there is nothing in their 
morn^’olog}- vrhich is disnncti've The same morphological t}-p-e is com- 
mon in the hinr-an intestme in the feces of bottle-fed infants and m such 
material from ad aits taking considerable milk in their diet The 
enterocc'cois ma} average somerrhat larger but there are no real distinc- 
nie morphological dmerences 

Altl'Oi^h Bargen reported his abiLtr to isolate the diplococctis in SO 
per cent of sixtr'-eight cases imestigated he mentioned having stadied 
onlv tv.enn* strains ‘ Presumabh'. the other strains -nere diagnosed on 
the basis of morpho'’og}' only. 

D-plococa morphologically and cuittiraU}- similar to those described 
bi. Barden are found not onl}' in cases of ulceratire colitis but in other 



Fig 7 — B c-cc agar p'ale '"ov-^ng pare caltare of a'p'-^a zo-eQ co''o''’e= 
^ t '^(rC tarcagn a 'eas tre red biooa cells co^agaojs to the co on-es could oe 
rc*cc * ’ 

cases Torrey reported that he had isolated tins organism from the 
feces of a patient vnth miid cecitis " Bargen stated that this orga^'ism 
carrot be -solated from feces Denny and Frobisher vrorking in this 
laborato”' hat e isolated s mdar cc-cci from the throats of f onr nephntic 
patients These patients did not have diarrhea and never snfiered vnth 
organic d-sease of the d gestive tract as far as coaid be ascertained 

9 To — e. J. C Bacter-o &g: of the Human Coion itn Particmar Refer- 
ence tc Xr— st>ec"~c U'ce'at e Co’*’tiS Tr .-un. Gas'ro-En'^e'o’ A_ 1927 in p~e^s 
personal cornmn-'ca^ t~ to tf-e 

10 Den-. Ft R., a-c F-cFs-e- 2 ''a-t r.. .T- Pe-sc-a' co-nmtir'cat cr> to tre 
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It will be conceded that the diplococcus desciibed hy Baigen, ^^hen 
intravenously injected into labbits and dogs, will pioduce lesions and 
diarrhea such as he has desciibed In leading Bai gen’s ailicles, ho\i- 
evei, it IS not always clear whether he has injected mixed oi pute 

Table 3 — Sticptococci Isolated f)om Tzoo Cases of Ulcciaiivc CoUtis not Intia- 

venously Injected Into Rabbits 


Colony Comment 

Alpha ?oned on blood agai plates The organism did not ferment mannite, iiuihn, mill 

nose and lactose and acidifled milk 

Alpha roned on blood agar plates The organism did not ferment lactose, saccharose, rilll 

nose and inulin and acidified milk 

Beta zoned on blood agar plates The organism did not fennent mannite, inulin, mill 

nose and lactose and acidified milk 



Fig 8 — An alpha zoned colony from plate shown in figure 7, under low 
power An area of hemolysis about colony is present, but closely adjoining the 
lattei are red blood cells (Brown) 

cultuies Since similai lesions can be piocluced with a numbei of dif- 
feient oigamsms, it can haidly be conceded that lesions pioduced b} the 
injection of mixed cultuies have a specific etiology Fuitheimoie, it 
does not appeal m Bargeii’s communications that he perfoimed any 
contiol expel inients He ofieis as contiols the woik of Rosenow and 
otheis, who woiking independently of Baigen on pioblems othei than 
ulceiative colitis, have injected stieptococci fiom othei souices into 
lowei animals AjDpaiently Baigen has not injected iiiti avenously into 
lower animals, othei foims or types of stieptococci, in pure cultuie, 
isolated fiom the bowel of patients with ulceiatne colitis m oidei to 
make a comparative study 
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Isolation in pure culture of the diplococcus described by Bargen 
from an abscess in a protruding bowel of a patient with ulcerative colitis 
on whom an ileostomy had been performed does not necessarily mean 
that the organism isolated is the etiologic factor in this disease, since it 
may have been secondary 

N W Jones, of Portland, Ore, repoited before the American 
Gastro-Enterological Association, on May 3, 1927, that m a small study 
in collaboration with Benson and Menne, he was able to confirm Bargen’s 
work He peimitted the author to copy the technic employed and to 
cpiote him These investigators employed Rosenow’s technic, they 
injected primary dextrose brain broth cultures mtiavenously into labbits 
These cultures contained the mixed intestinal flora from cases of ulcera- 
tive colitis These results are subject to the criticism offered with refer- 
ence to the injection of mixed cultures 

The vaccine filtrates used by Bargen in the treatment in these cases 
were made from the original or primary dextrose brain broth cultures , 
hence, patients were receiving mixed autogenous vaccine filtrates If it 
IS assumed that Bai gen’s diplococcus in puie culture might be used in 
the making of filtrates or vaccines proper, the lack of abruptness in the 
cessation of symptoms and signs when they are used, their employment 
o^er a variable but fairly long period of time, the supplementing of 
vaccine therapy with many other usual forms of treatment, suggest that 
the favorable response to treatment repoi ted by Bargen is a nonspecific, 
foieign protein reaction in a disease which piesents a variable course and 
the acute exacerbations of which appear to be self-limited 

COJMMENT AND SUMMARY 

Fourteen cases of acute exacerbations of chronic ulcerative colitis 
have been studied with reference to a bacterial etiology 

Ten distinct types of streptococci were isolated m these cases No 
one type was present m more than three cases Eight vai leties appeared 
as alpha zoned colonies on blood agar plates, two, as beta 

Seven types of these streptococci were mtiavenously injected into 
thirty-foui rabbits, five of which produced lesions in these animals 
Of thirt)' that came to autopsy, fourteen showed lesions, confirmed by 
section, these were primarily in the colon and rectum Twelve rabbits 
manifested definite diarrhea with or without blood or mucus, clinically or 
at autopsy Extra-enteric lesions were grossly demonstrable in each of 
four labbits presenting intestinal involvements, m two, however, the 
major lesions Mere intestinal 

11 Bargen, J A, and Logan, A H Experimental Studies on the Etiolog> 
of Chronic Ulcerative Colitis Suggestions for a IMore Rational Form of Treat- 
ment, Collected Papers of Majo Clinic, 1925, no 17, p 273 
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Twenty other labbits weie injected intravenously with seven t}pes 
of bacteria from sources other than the bowel in cases of ulceratne 
colitis Of sixteen rabbits on which autopsy was performed, twelve 
showed lesions which giossly and microscopically were not unlike those 
seen m rabbits injected with organisms from cases of ulcerative colitis 
However, the location of the lesions was diffeient, a lesser number occui- 
rmg m the rectum and colon and a greater number elsewheie m the 
intestinal tract Theie was one extra-enteric lesion in each of four rab- 
bits, in three rabbits the major lesions weie intestinal Nine rabbits 
manifested diarihea with or without blood or mucus, clinically oi at 
autopsy 

The author believes that there was no diiference between lesions 
produced in the intestines of rabbits by the intravenous injection of 
organisms isolated fiom cases of ulcerative colitis or fiom other sources 
Grossly and microscopically, all lesions were similar, diffeiing only as to 
their location within the intestinal tract 

It was interesting to note that m sections of lesions stained foi bac- 
teria, a variety of types of organisms were found which, moiphologically, 
were analogous to the mixed intestinal flora of the rabbit, regardless of 
the type of organism intravenously injected into the animal 

There are no distinctive differences, morphologically, between pii- 
mary dextrose brain broth cultures from material secured fiom the 
bases of cases of ulcerative colitis and those fiom swabs from cleansed 
normal sigmoids Only m some instances did theie seem to be an 
increase in gram-positive oiganisms in the former, but such a pictuie 
was not characteristic, stained smears of broth suspensions of dejected 
excreta from apparently normal peisons taking considerable milk m 
their diet also presented a preponderance of gram-positive bacteiia and 
appeared to be identical, in morphology, to stained smeais from the 
primary cultures of cases of ulcerative colitis 

In a compaiative study of the bacteiial floia of a small group of 
normal persons and of cases with ulcerative colitis, B coli, B tvelclni 
and streptococci pi eponderated m the latter type of cases One cannot 
say, as a result of this study, what definite role the two foimer oiganisms 
play m the causation of this disease The appeal ance of stieptococci in 
predominance may mean one of two things either they were able to 
escape the cleansing enemas and swabbing by hiding m the ulcers where 
they multiplied because of an environment favoiable to their growth, or 
their inci eased presence may indicate that they may be m some measure 
etiologically responsible for this condition 

In view of the author’s study, it is felt that Baigen has established 
that the streptococcus or diplococcus described b} him, an organism 
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that morphologically is not characteristic of any one type of giain- 
positive coccus inhabiting the normal or diseased human intestine, can be 
isolated with some degree of frequency in cases of ulceiative colitis, and 
that ^\hen this diplococcus is injected into animals, lesions m the colon 
and rectum are produced Bargen has not performed control experi- 
ments to establish specificity' His laccine therapy appears to be non- 
specific 

Finally, in view of the fact that ten varieties of streptococci were 
found 111 fourteen cases of ulceiative colitis, that similar lesions were 
produced and chiefly produced m the colon and rectum of rabbits intra- 
veneously injected with any one of five types, and that in other rabbits 
intravenously injected with other organisms from other sources similar 
lesions were produced in the colon and rectum, I submit the statement 
that the bacterial etiology of ulcerative colitis is still undetermined 

The Johns Hopkins Hospital 

ABSTRACT OF DISCUSSION 

Dr J Howard Brown, Baltimore It deserves to be emphasized that 
Dr Paulson’s work is valuable because positne lesions were secured in animals 
If a lesion had not been secured, it might well be said that failure to fol- 
low the technic which has been described bj' Dr Bargen, who in turn followed 
Dr Rosenow, might be the cause of the failure to duplicate the results At the 
beginning of this work, Dr Paulson was rather enthusiastic over the work which 
Dr Bargen had done, and it was not with a view to discrediting that work that 
he undertook his experiments At times while he was producing lesions he was 
inclined to believe that he was getting complete confirmation of Dr Bargen s 
results, and it was only after he was urged to try other streptococci and to stud}' 
their characteristics rather minutely that he took the attitude which he now has 
111 regard to it 

In Dr Bargen’s work, there is, it seems, not a sufficient number of controls , 
that is, he points to the fact that in numerous rabbits injected with streptococci 
b} other persons these lesions have not been described However, it must be 
remembered that the mere statement that lesions were found in the appendix, 
in the heart or elsewhere, and that lesions were not found in other parts of the 
body cannot be taken as a control for work in which this particular lesion is 
being sought I think Dr Bargen’s work suffers for lack of controls inoculated 
b} himself with streptococci of other characteristics than that which he describes 

Dr Paulson emphasizes the fact that the streptococci found in these ulcers do 
not have a characteristic morphology, that is to say, the streptococci are very much 
like pneumococci in appearance, they are diplococci Most streptococci grow as 
diplococci on the mucosa or on solid mediums and some of them in fluid mediums, 
so there is nothing particularly characteristic about that form It is only after 
careful study of these streptococci in the blood agar plates and their fermentation 
reactions that thev can be identified or differentiated one from another There 
has been no appreciable variation in the cultural characters of these organisms 
since the time of their isolation The fact that definite lesions were secured 
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indicates that more than one variety of streptococcus and possibly more than 
one other kind of organism can produce such lesions, so that ulcerative colitis 
can hardly be regaided as specific in the sense that it is produced by a single kind 
of streptococcus 

Dr Frank Smithies, Chicago Were any nonbacterial proteins used intra- 
venously, such as egg-vvhite, peptone solutions and the like^ Years ago, Vaughan 
and others showed the frequency with which such materials injected into the 
blood stream would produce lesions in the alimentary tract 

Dr a F R Andresen, Brooklyn What Dr Smithies says suggests to me 
three cases which I have seen in the last six: months that presented the charac- 
teristics of an ulcerative colitis, and which were apparently due to food allergy, 
in these cases, the condition cleared up promptly when the offending food proteins 
were eliminated from the diet Their cultural characteristics varied in each case, 
and I think that in the study of chronic ulcerative colitis one has to be on the 
lookout constantly for that type of case 

Dr Walter C Alvarez, Rochester, Mmn The work of Dr Paulson shows 
the need for further study before it can be determined just what relation 
Bargen’s organism has to colitis The problem is complicated by the fact that 
secondary invaders are commonly present in the lesions, in fact, Dr Buie, the 
proctologist at the Mayo Clinic, differentiates clearly between certain ulcers pro- 
duced by the diplococcus and others nearby produced by or contaminated by 
secondary invaders A point that has impressed me is that the diplococcus has 
been isolated in pure culture from pinpoint ulcerations found on the mucous 
membrane of the ileum, as it prolapsed through an ileostomy wound I feel that 
doubts expressed about the specificity of this organism should not make one 
lose sight of the fact that Dr Logan, who for years made a particular studj ot 
this type of colitis and felt almost hopeless about curing it, now believes with 
Dr Bargen that with the help of the vaccine filtrate it can frequently be either 
cured or certainly well arrested I have seen some of the patients return after a 
year, fat and healthy, without ulcers and with haustra returning, and I think 
much has been achieved 

Dr Moses Paulson In answer to Dr Smithies’ question, I can say that 
the injection of foreign proteins was suggested by Dr J Howard Brown on 
several occasions, but I never reached that point in this research for there was 
always so much to do I am continuing with the problem, and I plan to inject 
into rabbits foreign proteins to see what lesions will occur in these animals, bj 
way of comparison However, I virtually did this when a dead culture of strep- 
tococci isolated from a case of scarlatina was injected into a rabbit, and lesions 
were secured, as detailed in the paper With reference to Dr Alvarez’s point 
that Dr Bargen was able to demonstrate m the original or primary culture a 
pure culture of the diplococcus or streptococcus described by him (Bargen) 
from an abscess in a protruding intestinal loop resulting from an ileostomy, this 
does not prove anything, for, as I have already mentioned in my paper, this 
organism may be purely secondary It reminds me of the recent experience of 
Dr Small of the Philadelphia General Hospital He isolated from the blood 
stream m patients with rheumatic fever a type of streptococcus that he felt was 
the causative factor, because when he injected the organism intravenousl> into 
rabbits, he obtained characteristic pathologic processes of the joints and heart only 
to be told in a “Current Comment” of The Jownal of the Amcjican Medical 
Association that similar lesions have been obtained in lower animals bv 
the injection of other forms of streptococci isolated from patients with rheumatic 
fever 
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Bargen desenes much credit for stimulatmg interest m this work Kis 
experience with his ^acclne in 385 cases reported at the last meeting (Ma\ 3, 1927) 
of the American Gastro-Enterological Association is interesting, but tlie good 
results he reports cannot be accepted as specific. AIj reasons, brief!}, are first, 
as proied in this research, the specific organism of ulceratue colitis is \et to be 
discovered, second, Bargen made his vaccine filtrate from onginal or primary 
cultures, and therefore he was using a mixed vaccine or vaccme filtrate, third, 
ms good results were obtained after varving but long periods m a disease which 
has natural remissions, and fourth, his patients received treatment in addition to 
the use of his vaccine therap} 



LOGARITHMIC TABLES FOR COMPUTING THE SUR- 
FACE AREA OF THE BODY ACCORDING 
TO DUBOIS’ FORMULA - 

C H McCLOY 

NEW YORK 

In 1916, Dubois and Dubois ^ published a formula for the compu- 
tation of the surface area of the body and presented a chart from 
which one could read the approximate surface area from the coordinates 
of height and weight if given m metric units This chart permitted 
one to read the surface area to within appi oximately 150 square 
centimeters 

Boothby and Sandifoid - and Feldman and UmansKi publish nomo- 
grams for computing the surface area In my experience, these have 
given large errors for the larger surface areas These errors would 
be of small significance m ordinary clinical work, but they introduce 
an element of uncertainty m research work of any degree of refinement 

Owing to the use of surface area in the computation of normal 
vital capacity and m research in the field of basal metabolism, a means 
of ascertaining surface area quickly and accurately from either English 
or metric units of measurement is desirable Foi those working 
extensively in this field, it would probably be an economy of time to 
prepare large charts on fine coordinate paper, like the smaller chart of 
Dubois and Dubois ^ Foi physicians and health workers who may 
desire from time to time to compute the surface area accurately and 
rapidly, I have piepared the following tables of logarithms These 
will give the surface area to within 10 squaie centimeters, and, when one 
is acquainted with their use, they may be used rapidly 

The formula of Dubois and Dubois for tbe computation of the 
surface area is as follows 

H X W X 71 84 = surface area m square centimeters, in which 
H IS height m centimeters, and W is weight in kilograms It is obvious 
that the logarithm of the surface area (SA) computed from metric 
measurements may be found from the following 

Log S A =0 725 (Log Height) -f0425 (Log Weight) + Log 7184 

-'From the Department of Physical Education, National Council, Y IM C A 

1 Dubois and Dubois Clinical calorimetry. Arch Int Med 17 863 (June) 

1916 

2 Boothby and Sandiford Boston Medical and Surgical Journal 185 337, 

1921 

3 Feldman and Umanski Lancet 1 273, 1922 
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For English units of measurement, the logarithm of surface area (sur- 
face area being m square centimeters, but height and weight being in 
inches and pounds) would be as folloivs 


0725 (Log 


Height in inches 
0 3937 


. Weight in pounds , 

) -\-0 42o (Log 2 2046? ^ 


Either of these processes is too involved for convenience In the tables 
given below, this work has been condensed 

Table 1 gnes the logarithm of (height in centimeters) table 2 
gn es the logarithm of ( [w eight in kilograms] X 71 84) , table 3 gives 
the logarithm of 725 ^ table 4 gnes the logarithm of 

[ ( " 7< 71 84] table 5 gives the antilogarithms for all 

resultant logarithms needed for the computation of surface area To 
use these tables, the logarithm corresponding to the height of the indi- 
vidual should be added to the logarithm corresponding to his weight 
In table 5 will be found the surface area 


EXAMPLES 

Metric huts — If height is 168 cm and \%eight is 61 Kg, tables 1 and 2 are 
used 


168 cm = Log 

1613 

61 Kg = Log 

2 615 

Sum = 

4228 

In table 5, the antilogarithm of the logarithm 4 228 
area in square centimeters 

IS 16,900, which is the surface 

English Units — If the height is 64 inches and 
and 4 are used 

the w eight 104 lb , tables 3 

64 inches = Log 

1603 

104 pounds = Log 

2 568 

Sum = 

4171 


In table 5 the antilogarithm of the logarithm 4171 is 14,830, which is the 
surface area m square centimeters 


Tmile 1 — Logarithms of Height vi Centimeters 


"Log 

(Height) 

0 

(Metric) 









Cm 

Log 

Cm 

Log 

Cm 

Log 

Cm 

Log 

Cm 

Log 

Cm 

Log 

ino 

1 ,10 

120 

1 507 

140 

1 

100 

1 593 

lEO 

1035 

200 

1 033 


1 iaG 

123 

1012 

142 

1500 

102 

1002 

1S2 

1039 



Ifg 

1 4G2 

124 

lAlS 

144 

15<« 

104 

L600 

184 

1642 



inc 

1 4C3 

120 

1^23 

140 

ii;o3 

ICO 

1010 

ISO 

1045 



103 

1 474 

123 

1^23 

145 

1..573 

163 

1613 

IS 

1049 



110 

1 4S0 

ISO 

1J3S3 

150 

1 577 

170 

1017 

190 

1052 



U2 

1 4=G 

112 

1 537 

152 

1 ^ 

172 

1012 

192 

1 G55 



114 

1 491 

1S4 

1^42 

154 

1 550 

174 

1024 

194 

1059 



11 G 

1 407 

ISO 

1547 

150 

1590 

170 

1028 

190 

1 002 



IIS 

1 yr2 

ISS 

1^51 

155 


176 

1032 

193 

1 (nS 
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Tabli: 2 — Logauthms of IJ' eight in Kilogianii 


Log [(Weight) 0 y VI SI] 


K& 

Log 

Kg 

Log 

Kg 

Log 

Kg 

Lot; 

Kg 

Log 

18 0 

2 390 

35 0 

2 513 

50 0 

2 678 

65 0 

2 627 

800 

2 633 

18 5 

2 395 

35 5 

2 515 

505 

2 580 

65 5 

2 623 

80 5 

2CCC 

19 0 

2 400 

30 0 

2 518 

510 

2 5S2 

COO 

2 630 

810 

2 607 

19 5 

2 405 

30 5 

2 520 

515 

2 584 

065 

2 631 

81 5 

2 000 

20 0 

2 409 

370 

2 523 

52 0 

2 586 

67 0 

2 032 

820 

2 070 

20 5 

2 414 

375 

2 525 

52 6 

2 687 

67 5 

2 633 

82 5 

2 071 

210 

2 418 

38 0 

2 528 

630 

2 589 

680 

2 035 

83 0 

2 672 

21 5 

2 423 

38 5 

2 530 

53 5 

2 591 

68 5 

2 637 

83 5 

2 673 

220 

2 427 

39 0 

2 533 

540 

2 593 

69 0 

2 038 

81 0 

2 071 

22 5 

2 431 

39 5 

2 535 

51 5 

2 591 

69 5 

2 639 

815 

2 675 

230 

2 435 

40 0 

2 537 

55 0 

2 590 

70 0 

2 011 

83 0 

2 670 

23 6 

2 439 

40 6 

2 540 

55 5 

2 598 

70 5 

2 642 

85 5 

2 677 

24 0 

2 443 

410 

2 512 

50 0 

2 599 

71 0 

2 613 

80 0 

2 070 

24 6 

2 447 

41 5 

2 544 

50 5 

2 601 

71 5 

2 644 

80 5 

2 680 

250 

2 450 

42 0 

2 540 

57 0 

2 603 

72 0 

2 016 

87 0 

2681 

25 5 

2 454 

42 5 

2 548 

57 5 

2 604 

72 5 

2 647 

87 5 

2CS2 

26 0 

2 458 

43 0 

2 651 

580 

2606 

73 0 

2 648 

680 

2 683 

26 5 

2 461 

43 6 

2 553 

58 5 

2 607 

73 5 

2 650 

686 

2 681 

270 

2 465 

44 0 

2 555 

59 0 

2 609 

74 0 

2 651 

69 0 

2 685 

27 6 

2 468 

44 5 

2 557 

59 5 

2 611 

74 5 

2 652 

696 

2 680 

28 0 

2 471 

45 0 

2 659 

COO 

2612 

75 0 

2 633 

900 

2 0S7 

285 

2 475 

45 5 

2 501 

00 5 

2 614 

75 5 

2 654 

90 5 

2 688 

29 0 

2 478 

46 0 

2 563 

610 

2 615 

76 0 

2 656 

91 0 

2 689 

295 

2 481 

46 5 

2 505 

61 5 

2 017 

76 6 

2 657 

91 5 

2 690 

30 0 

2 481 

47 0 

2 507 

62 0 

2 618 

770 

2 058 

920 

2 691 

305 

2 487 

47 5 

2 569 

62 5 

2 620 

775 

2 639 

92 5 

2 002 

310 

2 490 

48 0 

2 571 

63 0 

2 621 

78 0 

2 001 



315 

2 493 

48 5 

2 573 

035 

2 623 

78 5 

2 062 



32 0 

2 490 

49 0 

2 575 

64 0 

2 024 

79 0 

2 663 



32 5 

2 499 

49 5 

2 577 

045 

2 625 

79 5 

2 604 




33 0 2 502 

33 5 2 50t 

34 0 2 60r 

34 5 2 510 


Table 3 — Logauthms of Height m Inches 



Height 


Inches 

Log 

Inches 

Log 

40 

1455 

50 

1 525 

41 

1462 

51 

1 531 

42 

1470 

62 

1 537 

43 

1478 

53 

1 544 

44 

1485 

64 

1549 

45 

1492 

55 

1 555 

46 

1499 

56 

1 501 

47 

1 606 

57 

1567 

48 

1 512 

58 

1 572 

49 

1 519 

59 

1 577 


Inches 

Log 

Inches 

Log 

60 

1 583 

70 

1 631 

61 

1 588 

71 

1 631 

62 

1 593 

72 

1 640 

63 

1593 

73 

1 645 

64 

1003 

74 

1049 

65 

1608 

75 

1 653 

60 

1613 

70 

1 057 

07 

1617 

77 

1 061 

cs 

1 622 

VS 

1 005 

69 

1627 

79 

1 039 
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T\ele 4 — Logarithms of IJ eight tii Pounds 


Log 

r / Weight N „ 
L\ 2_:o,62 J 

t:t. y 

71S4 J 








Pounds 

■ Log 

Pounds 

Log 

Pounds 

Log 

Pounds 

Log 

Pounds 

Log 

Pounds 

Log 

50 

2 433 

30 

2.520 

110 

2 573 

140 

2623 

170 

2 650 

40 

2392 

31 

2 431 

SI 

2 522 

111 

2 5^ 

141 

2 624 

m 

2 660 

41 

2.396 

52 

2 440 

S2 

2.524 

112 

2.5S2 

142 

2 625 

172 

2661 

42 

2 401 

53 

2.444 

S3 

2527 

113 

Z5S3 

143 

2627 

173 

2.662 

43 

2 405 

54 

2 447 

S4 

2 529 

114 

2.5S5 

144 

2 553 

174 

2.633 

44 

24fK» 

55 

2.451 

S5 

2 531 

115 

2 5S7 

145 

2 639 

175 

2664 

45 

2.413 

30 

2 454 

SO 

2533 

U6 

2.5SS 

146 

2631 

176 

2.663 

46 

2417 

57 

2 -357 

S7 

2535 

117 

2 590 

147 

2.632 

177 

2665 

47 

2 421 

5S 

2i00 

8S 

2537 

US 

2.591 

14S 

2 634 

175 

2 657 

,5 

2^ 

39 

2.464 

39 

2539 

119 

2 593 

149 

2.635 

179 

2 653 

49 

2 42$ 

60 

2 467 

90 

2 541 

120 

2.594 

150 

2633 

ISO 

2655 



Cl 

2 470 

91 

2 543 

121 

2 590 

151 

2 637 

ISl 

2.670 



62 

2 473 

92 

2 545 

122 

2.597 

152 

2633 

1S3 

2671 



C3 

2 476 

93 

2 547 

123 

2 599 

153 

2.639 

1S3 

2 672 



Cl 

2 479 

94 

2 549 

124 

2.600 

154 

i641 

1S4 

2 67S 



65 

2 4S1 

95 

2to1 

125 

2 6i>2 

155 

2.642 

155 

2 674 



60 

2 -^54 

96 

2 553 

126 

2 603 

156 

2 643 

ISO 

2 675 



67 

2 437 

97 

2.555 

127 

2605 

157 

2644 

1S7 

2 676 



63 

2 400 

93 

2 557 

12 s 

26^ 

15S 

2.645 

1^ 

2677 



69 

2 493 

09 

2 

129 

260S 

159 

2 646 

1S9 

2.673 



70 

2 4K 

100 

2561 

ISO 

26n9 

160 

2.647 

190 

2679 



71 

2 493 

101 

2.563 

131 

2.611 

161 

2 649 

191 

2650 



72 

2 500 

102 

2 504 

132 

2612 

162 

2 650 

192 

2 651 



73 

2502 

103 

2 556 

133 

2613 

163 

2651 

193 

2.6S2 



74 

2,505 

104 

2 56S 

134 

2615 

164 

2.652 

194 

2 653 



75 

2 503 



105 

2.616 

163 

2^ 

195 

2 684 



76 

2 510 

105 

2 570 

136 

2 618 

165 

2654 

196 

2655 



77 

2 513 

100 

2 572 

137 

2619 

167 

2 655 

197 

2.656 



7S 

2.515 

107 

2 573 

13S 

2620 

163 

2 656 

19S 

2 657 



79 

2 517 

ins 

2 575 

139 

2621 

169 

2 655 

199 

2 6SS 





109 

2 577 





200 

2 659 




T^ble 5 — Anti-Iogarithnis for Use vi Computing Sin face Area 

Log 

0 

1 

2 

3 

4 

5 

E 

7 

8 

9 

SS4 

6918 

6934 

6950 

6906 

6952 

699S 

7015 

7031 

7047 

7053 

3 55 

7079 

7096 

7U2 

7129 

Tlio 

7161 

TITS 

7194 

7211 

7238 

386 

7244 

7261 

727S 

72^ 

7311 

7S>S 

7345 

7332 

7379 

7396 

387 

7413 

7430 

7447 

7464 

74S2 

7499 

7316 

7534 

7551 

7563 

368 

75SG 

76t^ 

76-21 

76K 

7656 

7674 

7691 

7709 

7727 

7745 

3 59 

7762 

7750 

7793 

7S16 

7S34 

7852 

7870 

7SS9 

7907 

7925 

SSO 

7943 

7962 

7950 

7993 

8017 

S035 

8)34 

S072 

8091 

SUO 

3 91 

8128 

8147 

8166 

8185 

S04 

§222 

8241 

S250 

S2re 

8299 

392 

8318 

8337 

S55G 

8375 

83^ 

8414 

8433 

8453 

8472 

8492 

393 

S5U 

So31 

S551 

8570 

8590 

8610 

SC30 

8350 

8570 

S690 

394 

8710 

8730 . 

SToO 

8770 

8790 

8810 

8531 

SS51 

SS72 

ES92 

3 95 

8913 

E933 


,8974 

89^5 

9016 

90:» 

9(67 

9078 

9099 

396 

9120 

9141 

•9162 

■91S3 

9-204 

9-226 

9247 

9-2© 

9-290 

93U 

3 97 

9333 

9354 

9376 

9397 

9419 

9441 

9462 

9484 

9595 

9528 

C9S 

9530 

9572 

9594 

9616 

9638 

9361 

9683 

9705 

9727 

9750 

399 

9772 

9705 

9517 

9S40 

9563 

OSS5 

9908 

9931 

9954 

9977 
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Table 5 — Anti-logaj ifhins fot Use in Coiiiputtng Sin face Aica — Continued 


0 

1 

2 

3 

4 

5 

6 

7 

8 

S 

10000 

10020 

10050 

10070 

10090 

10120 

10140 

10160 

10190 

10210 

10230 

10260 

10280 

10300 

10330 

10350 

10380 

10400 

10420 

10450 

10470 

10500 

10520 

10540 

10570 

10590 

10620 

10640 

10670 

106'50 

10720 

10740 

10760 

10790 

10810 

10840 

10800 

10890 

10910 

10940 

10900 

10990 

11020 

11040 

11070 

11090 

11120 

11140 

11170 

11190 

11220 

11250 

11270 

11300 

11320 

11350 

11380 

11400 

11430 

11400 

11480 

11510 

11530 

11560 

11590 

11610 

11040 

11670 

11090 

11720 

11750 

11780 

11800 

11830 

11860 

11890 

11910 

11940 

11970 

11990 

12020 

12050 

12080 

12110 

12130 

12160 

12190 

12220 

12250 

12270 

12300 

12330 

12300 

12390 

12420 

12450 

12470 

12500 

12530 

12560 

12590 

12620 

12650 

12680 

12710 

12740 

12700 

12790 

12820 

12850 

12880 

12910 

12940 

12970 

13000 

13030 

13060 

13090 

13120 

13150 

13180 

13210 

13240 

13270 

13300 

13340 

13370 

13400 

13430 

13400 

13490 

13520 

13550 

13580 

13010 

13650 

13380 

13710 

13740 

13770 

13800 

13840 

13870 

13900 

13960 

13960 

14000 

14030 

14000 

14090 

14130 

14160 

14190 

14220 

14260 

14290 

14320 

14350 

14399 

14420 

14450 

14490 

14520 

14550 

14590 

14620 

14060 

14690 

14720 

14700 

14790 

14830 

14860 

14890 

14930 

14960 

15000 

15030 

15070 

15100 

15140 

15170 

15210 

15240 

15280 

15310 

15350 

15380 

15420 

15430 

15490 

15520 

15560 

15600 

15630 

16670 

15700 

15740 

15780 

15810 

15850 

15890 

15920 

15930 

16000 

16030 

16070 

16110 

16140 

10160 

16220 

16260 

16290 

16330 

16370 

16410 

16440 

16480 

10520 

1G500 

16600 

16630 

16670 

16710 

16750 

16790 

16SS0 

16870 

10900 

16940 

16980 

17020 

17060 

17100 

17140 

17180 

17220 

17260 

17300 

17340 

17380 

17420 

17460 

17500 

17540 

17580 

17020 

17060 

17700 

17740 

17780 

17820 

17860 

17910 

17950 

17990 

18030 

18070 

18110 

18100 

18200 

18240 

18280 

18320 

18370 

18410 

18450 

18490 

18540 

185S0 

18620 

18660 

18710 

18750 

18790 

18840 

ISSSO 

18920 

18970 

19010 

19050 

19100 

19140 

19190 

19230 

19280 

19320 

19360 

19410 

19450 

19500 

19540 

19590 

19630 

19680 

19720 

19770 

19S20 

19800 

19910 

19950 

20000 

20040 

20090 

20140 

20180 

20230 

20280 

20320 

20370 

20420 

20460 

20510 

20500 

20610 

20650 

20700 

20750 

20800 

20S40 

20900 

20940 

20990 

21040 

21090 

21130 

21180 

21230 

21280 

21330 

213S0 

21430 

21480 

21530 

21580 

21630 

21080 

21730 

21780 

21830 

21880 

21930 

21980 

22030 

22080 

22130 

22180 

22230 

22280 

22340 

22390 

22440 

22490 

22540 

22590 

22050 

22700 

22750 

22800 

22S00 

22910 

22900 

23010 

23070 

23120 

23170 

23230 

23280 

23330 

23390 

23440 

23500 

23550 

23600 

23660 

23710 

23770 

23820 

23880 

23930 

23990 

24040 

24100 

24150 

24210 

24270 

24320 

24380 

24430 

24490 

24550 

24600 

24660 

24720 

24770 

24830 

24890 

24950 

25000 

25060 

25120 

25180 

25230 

25290 

25350 

25410 

25470 

25530 

25590 

25610 

25700 

25700 

25830 

23880 

25940 

26000 

26000 

20120 

26180 

2G240 


THE INTRADERMAL SALT SOLUTION TEST IN 
NEPHRITIS IN ADULTS^ 

AARON FELDMAN 

AND 

J STANLEY REIFSNEIDER 

CHICAGO 

In previous contributions from the Otho S A Sprague Memorial 
Institute, McClure and Aldrich ^ reported work which demonstrated that 
the elevation- made by intradermal injection of physiologic sodium 
chloride becomes impalpable more quickly in edematous and pre- 
edematous states than m the normal condition Their reports dealt 
principally with edema associated with disturbances of the kidney in 
childien, but also included several cases of cardiac disease and anemia 

Their studies of the edema with associated renal disturbance led 
them to favor the hypothesis that the edema in the type of case described 
IS due to an intoxication of the tissues which causes them to take up 
and to hold more water than normally They found the test of con- 
siderable value m indicating the prognosis in these cases 

Subsequently Baker ^ used the test in the study of scarlet fevei and 
diphtheria, and found it useful in indicating improvement oi aggravation 
of these conditions 

Hariison^ found a shortening of the time required for the dis- 
appearance of the wheal raised in the intradermal salt solution test in 
cases of lobar pneumonia in children, followed by a gradual return to 
1101 mal after the crisis Olmsted “ applied the test to the study of 

* From the Otho S A Sprague Memorial Institute and the Pathological 
Laboratory of the Cook County Hospital 

1 McClure, W B, and Aldrich, C A Time Required for Disappearance 
of Intradermally Injected Salt Solution, J A M A 81 293 (July 28) 1923 
McClure, W B, and Aldrich, C A Intradermal Salt Solution Test, Its 
Prognostic Value in “Nephritis” with Generalized Edema, J A M A 82 1425 
(May 3) 1924 

2 In the test as described by McClure and Aldrich, 0 2 cc of a sterile 08 
per cent aqueous solution of sodium chloride is injected intracutaneously under 
aseptic precautions in two places about 2 cm apart in the flexor surface of the 
forearm, and also usually either in the inner surface of the calf or the lateral 
aspect of the anterior surface of the leg The time that the elevation remains 
palpable is noted For normal children over 1 year of age, the time is one hour 
or longer For white adults, the normal time seems to be somewhat higher than 
in children, and still higher m negro adults (Lash, A F Surg Gynec Obst 
43 40, 1926) 

3 Baker, W J Intradermal Salt Solution Test in Scarlet Fever and 
Diphtheria Patients, J A M A 83 1566 (Nov 15) 1924 

4 Harrison, J Intradermal Salt Solution Test in Lobar Pneumonia in 
Children, JAMA 84 1258 (April 25) 1925 

5 Olmsted, H C Intradermal Salt Solution Test in Cardiac Disease in 
Children, Arch Int Med 37 281 (Feb ) 1926 
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cardiac disease in children Cohen and his co-workei s ^ found a 
marked decrease in the time of the wheal disappearance m the extremi- 
ties, in the presence of a vasculai pathologic condition, and found the 
test useful in determining the level of adequate circulation in planning 
for surgical intervention Kunde extended the study of the test to a 
series of adult patients with diffeient forms of nephiitis, typhoid fever, 
toxemias of pregnancy and other conditions, and attempted to con elate 
the observations with regard to the time necessary for the disappearance 
of the wheal with the observations made with the elastometer and 
those made on the urine and on the blood Lash ® made use of this 
test in the study of the toxemias of piegnancy, and found a close 
relationship between the degree of severity of the toxemia and the 
amount of lowering of the disappeaiance time Guggenheimer and 
Hirsch ® studied edema with the aid of this test and obtained results 
similar to those of McCluie and Aldrich and others They offei, 
however, a mechanical hypothesis to explain the lapid absorption of 
salt solution by edematous tissues 

INTRADERMAL SALT SOLUTION TEST IN NEPHRITIS IN ADULTS 

The study of the test m nephritis m adults is made difficult by the 
scarcity of uncomplicated cases, the uncertainty of the clinical determi- 
nation of their type and the extent to which cardiac and vasculai dis- 
turbances play a part m their symptoms 

In oui series of cases, with a clinical diagnosis of some foini of 
nephiitis, theie were patients with and without edema 

The basic observation of McClure and Aldiich that the elevation 
produced by the intiadermal injection of physiologic sodium chloride 
solution disappears rapidly m edematous ai eas has been found to be true 

A short disappearance time was also found in some cases in which 
theie was no palpable edema, which was m accordance with the obseiva- 
tions of McClure and Aldrich who had found the time shortened in 
edematous patients m aieas of skin in which palpable edema was absent 

The observations m the cases studied by us are summarized in the 
accompanying table 

6 Cohen, M B Intracutaneous Salt Solution Test, Preliminary Report of 
Simple Method for Deficiency of Circulation in Extremities, J A M A 84 
1561 (May 23) 1925 Cohen, M B , Applebaum, H S , and Hainsworth, E L 
Intracutaneous Salt Solution Test, Its Use as Test of Efficiency of Circulation in 
Extremities, J A M A 86 1677 (May 29) 1926 Cohen, M B, and Stern, 
W G Intracutaneous Salt Solution Wheal Test, Its Value in Disturbances of 
Circulation in Extremities, J A M A 87 1355 (Oct 23) 1926 

7 Kunde, M M Edema, Correlation of Elastometer Findings, Disap- 
pearance Time for Intradermally Injected Salt Solution, Urinahsis and Nitrogen 
Retention of Blood in Edema, Arch Int Med 38 57 (Julj ) 1926 

8 Lash, A F Surg Gjmec Obst 43 40, 1926 

9 Guggenheimer, H , and Hirsch, P Klin Wchnschr 5 704, 1926 
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INDIVIDUAL CASES 

In cases 1 and 12, the patients had an extreme degree of anasarca 
The results vere as expected — an extremely short disappearance time, 
less than one minute, in fact, it was practically impossible to raise a 
wheal by the injection of salt solution Both patients were moribund 

In cases 2, 3, 4, 5 and 6, cases of nephritis without edema, the dis- 
appearance time was not much shortened either in the arm or in the leg, 
but was usually somewdiat longer in the arm In case 7, the amount 
of edema w^as about equal in the arm and in the leg, and the disappear- 
ance time w'as approximately the same 

In case 8 the patient had nephritis wnth a mild degree of edema, and 
there w^as considerable decrease in the disappearance time This case 
resembles case 4 in many respects, in both the retention of nitrogen 
and the blood pressure w’^ere high, they differ in that there was an 
absence of edema in case 4, which caused a marked difference in the 
disappearance time in the tw'o cases In both patients the disappearance 
time decreased as they became clinically w'orse, although evident change 
in the degree of edema did not occur 

In case 9, on admission to the hospital, the patient had marked edema 
in both the upper and low^er extremities, and the disappearance time was 
correspondingly short Later the edema of the left forearm subsided 
somewhat and this was associated wnth an increase in the disappearance 
time 

In case 10 a case of acute nephritis, there was palpable edema of 
both legs, w'hich was less in the thighs and absent in the region of the 
knee and m the arms The disappearance time was long both in the 
forearm and in the knee region Unfortunately, in this case the test 
was not carried out in the region of the calf wdien palpable edema w'as 
present As permission for necropsy Avas not obtained, it is difficult to 
rule out cardiac edema 

In case 11 AA^e AAere dealing AAUth chronic nephritis in a comparatively 
A oung person Although there Avas no palpable edema during tlie time 
that the salt solution tests Avere carried out, the disappearance time 
in both the arm and the leg AA^as remarkably short and approximately 
constant Both the present study and the results obtained by Kunde " 
seem to shoAv that there is no relationship betAveen the short dis- 
appearance time and the high degree of retention of nitrogen The 
relationship to the Ioav carbon dioxide capacity of the blood is sug- 
gestiA'e but not certain, because the analysis Avas carried out onh’- one 
day before the patient’s death 

In case 13, the patient gaA^e a ty-pical histor}’- leading to a clinical 
diagnosis of chronic nephritis AAuth h 3 "pertension On postmortem 
examination, chronic glomerulonephntis marked concentric hypertrophy 
of the heart and moderate atheromatous degeneration of the aortic, 
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tiicuspid and mitral leaflets were found The patient spent about 
thiee weeks in the hospital, during which time there was no palpable 
edema The disappeaiance time in both the aim and the leg was 
within noimal limits soon aftei admission, but, as seen from the 
results in the table, theie was a steady decline with a sharp break 
about two weeks aftei the patient was admitted The patient had been 
placed on a tieatment with sodium bicaibonate (1 diachm [3 885 Gm ] 
thiee times a da} ) on the day of admission to the hospital, but this was 
discontinued thiee days befoie the patient’s death As is seen fiom 
the results of a chemical examination of the blood made seven days 
aftei admission to the hospital, the patient was in a state of alkalosis 
Nearly a veek later, a sudden diminution occurred in the disappeaiance 
time At the same time, the patient began to show marked symptoms 
of neivousness and continuous intense clonic twitchings of the muscu- 
lature, which was especially pronounced in the extremities In the 
next few da}s the disappeaiance time fell still lower, to two and thiee 
minutes in the forearm and leg, lespectively At the same time, while 
the degree of nitrogen retention was constantly increasing, the carbon 
dioxide capacity remained at the same high level The patient, mean- 
while, complained of gieat thirst, the twitchings continued, and he 
apparently developed a psychosis Such was his condition three days 
before his death, when the administration of sodium bicarbonate was 
stopped and sodium acid phosphate was substituted Two days later, 
the twitching of his muscles subsided and his mind cleared up con- 
siderably, at the same time the disappeaiance time rose somewhat and 
the caibon dioxide capacity fell to 82 6 As the patient died the day 
following the last test, one can only speculate whether the disappeaiance 
time would have iiici eased much more on continued treatment with the 
acid salt 

In case 14, the patient came to the hospital with generalized edema, 
especially marked in the lower extiemities Cardiac symptoms weie 
not observed, and the symptoms were thought to be caused by an acute 
exacerbation of chronic pai enchymatous nephritis The edema quickly 
subsided on treatment with diuietin, and with it the disappearance time 
of the salt solution was increased The disappearance time both in the 
arm and the leg was normal in less than a week after treatment was 
started 

In case 15, the patient’s symptoms led to a diagnosis of nephritis with 
hypertension He had had scarlet fever foui yeais previously, and had 
been edematous for about two weeks afterward On admission to the 
hospital, there was no palable edema, and the disappearance time was 
noimal in the aim but was low in the leg The disappearance time m the 
leg remained at about the same level during the twelve days the patient 
spent at the hospital, but became still shorter on the last day of the 
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pat ent s Iiie The disappearance time m the arm dropped to the ]o\\ 
iei el of from sixteen to eighteen minutes in the last afternoon ^\hen there 
^^as a sadden rapid change for the v.orse and he died a few hours 
later A^'hat the relation was betiieen the loiv carbon dioxide capacit} 
of the blood and the drop m the disappearance time in the forearm 
in die las: few hours is merel}* to be surmised The low disappearance 
time m the leg is perhaps explainable b}* arculatoiw- changes 

The patient whose condition is reported in case 16 gave a t)'pical his- 
tori of nephritis and the physical observations were that he was 
suTenrg from chronic nephritis with hypertension His heart and 
In cr w ere enlarged ; there w ere marked sclerotic changes in the t essels 
and a hemorrhagic exudative neuroretimtis He had had swelling of 
the ankles for the nine months previous to admission, but there was 
no edema during the time these tests were earned out 

The disappearance time in the leg was low’ w’hile the patient was in 
the hospital whether or not this was due to circulator}* disturbances 
cannot be tola wntti certaint}* 

The patient discussed in case 17 swallowed 60 grams (3 90 Gm ) of 
mercunc chlonde in an attempt to commit suicide Urinar}* suppression 
immeaiateh followed tlie degree of retention of mtrogen constantl} 
increasea but the time of disappearance of the salt solution remained 
imchanged at from thirt}* to forh* mmutes 

In case 18 the patient gave a definite histor}* of s}philis and 
intense antisyphihtic treatment. On adrmssion, there was marked 
edema of the lower half of the body, but there was no palpable edema 
m the upper extremities The time required for the disappearance of 
wheal was vein short m the legs (one-half minute) and moderately 
short ( rw enn minutes ) in the arms Attempted treatment was of no 
avail and the edema extended to the forearm in the last dats of the 
patients life when the disappearance time dropped accordingly As 
indicated by the results given in the table the degree of retention of 
mtrogen at the end of the patients life was not much greater than on 
admission 

COilMEXT 

The cases of nephntis presented here are insufficient in number to 
permit the orawing of sweeping conclusions although they present a 
few interesting points 

As stated before the fundamental fact of the rapid disappearance 
of the elevation made by the intradermal injection of physiologic sodium 
chlonde solution m nephritic edemas, is again confirmed by these studies 
The disappearance time in any particular case usually varies during the 
course of the disease with the changes in the degree of the edema 
a persistently low* disappearance time usually indicates a bad prognosis 
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Tlieie IS no close lelationship appaient between the degree of the 
edema and the disappearance time, on the one hand, and the retention 
of nitrogen and the content of sodium cliloiide and cholesterol in the 
blood, on the other 

The disappearance time may also be short in cases of nephritis 
u ilhout palpable edema , her e, too, no i elationship is seen between this 
short disappearance time and the observations made on the blood during 
chemical examination There may, however, be a relationship between 
the carbon dioxide capacity of the blood and tissues and the disappear- 
ance time of the wheal — either a prolonged acidosis or alkalosis leading 
to a diminished disappearance time 

The influence of the carbon dioxide capacity deserves further study 
The examples of a short disappearance time of the wheal in cases of 
nephritis, in which either acidosis or alkalosis developed in the course 
of treatment, are rather suggestive, but not conclusive 

In nephritis associated with arteriosclerosis, the circulatory factoi 
must be taken into consideration, especially m interpreting the low 
results frequently obtained in the legion of the leg In this connection, 
the work of Cohen and his co-woikeis, to which reference has been 
made, is suggestive 

In the case of meicuiic chloiide poisoning reported m this article, 
there seemed to be no relationship between the time of the disappearance 
of the ^\heal, the urinai}^ output, which was low at all times, and the 
letention of nitrogen, which was constantly progressing 

SUMMARY 

A study of the intiadeimal salt solution test was made in eighteen 
cases of nephritis in adults with the following results 

1 The wheals caused by the salt solution disappeared in less than 
thirty minutes, except m one case (case 13, alkalosis), only when 
edema oi a history of edema was present 

2 A decreasing disappearance tune was associated with an unfavor- 
able course of the condition, an increasing disappearance time with 
improvement, a very short disappearance time, which persisted in spite 
of treatment, was of bad prognostic significance 

3 There was no close relationship between the retention of nitrogen 
and the sodium chloride and cholesterol content of the blood, on the 
one hand, and the disappearance time on the other 

4 In cases in which the caibon dioxide capacity was determined, 
and evidence of either severe acidosis oi alkalosis was found, there 
was also a marked shortening of the disappearance time, even in the 
absence of palpable edema More examples of these types should be 
examined 
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A SEARCH FOR A LO\\ RESIDUE DIET ^ 
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There are man}' occasions Mhen physicians or surgeons wish to use 
a diet -vMth the least possible residue, particularly in the treatment of 
patients with diarrhea and following operations about the rectum or 
anus If the fecal residues can be made small enough, and if defecation 
can be postponed for a w eek or more, not only wnll the patient be spared 
much distress, but healing wounds can be kept clean Considering the 
importance of this problem, it is surpnsmg to find practically no men- 
tion of it in most of the w'ell knowm textbooks on dietetics 

According to Prausnitz,^ Bischoff and Voit,- Muller,^ and Rubner,'* 
so long as the foods given are completely utilized, the amount of feces 
\oided w’lll remain about the same with different diets As is well 
known, a considerable portion of the fecal material is made up of dead 
bacteria and intestinal secretions, so, even during starvation, a certain 
amount of feces will ahva}s be formed As one w'ould expect, the 
bulk of the stools depends largely on the amount of cellulose contained 
in the food 

Cannon^ cats -various foods mixed wuth bismuth and watched 
the progress of the material through the bow'el He concluded that 
proteins pass through the small intestine slowly, fats a little faster and 
carboh} drates fastest of all Doubtless these differences were due 
part!} to the ^aIylng rates wuth w'hich these foods pass through the 
pylorus, but Cannon felt that the} were due also to differences in 

"^From the Dnision of Medicine, Ma>o Clinic and the Di-vision of 
Experimental Surgerj and Pathologj, The Majo Foundation 

1 Prausnitz, Wilhelm Ueber die Ausnutzung der Kuhmilch im men- 
schlichen Darmkanal Ztschr f Biol 25.533 1889, Die Ausnutzung der Bohner 
im Darmkanale des Menschen ibid 26 227, 1890, Die chemische Zusammen- 
sctzung des Kothes bei i erschiedenartiger Ernahrung, ibid 35 '335, 1897 

2 Bischoff, E, and Voit, quoted bj' Rubner Ztschr f Biol 15.115, 1879 

3 Muller, Friedrich Ueber den normalen Koth des Fleischfressers, Ztschr 
f Biol 20.327, 1884 

4 Rubner, Max Ueber die Ausnutzung einiger Nahrungsmittel im Darm- 
canale des Menschen, Ztschr f Biol 15 115, 1879 

5 Cannon, W B The Mechanical Factors of Digestion, London, Edward 
■\rnold 1911 227 pp 
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the muscular i espouse of the bowel The rate of passage thiough the 
small intestine is impoitant because it may be a factor in detei mining 
the amount of digestion and absorption with any one meal 

One of the best ai tides on the subject of absorption in the small 
intestine is by Heile,® who gave a number of foods to dogs with a cecal 
fistula He also studied a few patients with fistulas in the terminal 
ileum ^Vith dogs on a mixed diet, undigested matei lal began to appear 
at the fistula at the end of an hour, the gieatest amount came through 
in the third and fourth houis, and by the fifth hour the bowel was 
dean With lean meat, the obseivations weie the same With carbo- 
hydrates and fats, the exti ttsion began sooner , it increased rapidly and 
ceased after thiee or four houis 

Heile noticed that milk gave use to laige amounts of residue, when 
126 Gm of well chopped meat was given to a dog, only 20 Gni of 
material came away, but when a liter of milk was given containing 
130 Gm of solid mateiial, the lesidue appearing at the fistula amounted 
to 250 Gm Heile vas impiessed with the desirability of giving proteins 
when tlie colon is to be spaied work He found that when fiom 250 to 
500 Gm of hoise flesh was given to a dog, all but 2 per cent was 
absorbed When he gave 75 Gm of sucrose to a dog weighing 11 Kg, 
it ^^as all absoibed, but when he gave moie than 100 Gm , small amounts 
of reducing material began to come away One hundred grams of rice 
was completely absoibed 

In extensive studies of the stools of dogs, Muller showed that when 
the animals aie not given anything but meat oi meat and a little sugar, 
the stools difler little from those obtained during periods of fasting 

Accoiding to Babkin," Beilatzki, woiking with dogs with a cecal 
fistula, confirmed the observation of others that the giving of milk 
lesults in the piompt passage of laige amounts of lesidue He found 
that this occurred also when milk was added to foods which otherwise 
would have been well digested Another substance that behaved 
peculiaily was law egg albumin The list taken from Babkin’s book 
gives an idea of the results obtained by Berlatzki (table 1) 

Babkin and Strashesko thought that it was the lactose m the milk 
that increased intestinal peristalsis and caused the retention of fluid 
within the lumen of the bowel Harley and Goodbody, quoted by 
Cammidge,® also comment on the tendency of milk to increase the 
bulk of fecal residues 

6 Hcile, B Expenmentelle Beobachtungen uber die Resorption im Dunn- 
und Dickdarin, Mitt a d Grenzgeb d Med u Chir 14 474, 1905 

7 Babkin, B P Die aussere Sekretion der Verdauungsdrusen, Berlin, 
Julius Springer, 1914, p 386 

8 Cammidge, P J The Feces of Children and Adults, Bristol, John 
Wright & Sons, 1914, p 317 
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Rubner, in his classic article, gives the list of foods which he fed 
to young healthy men (table 2) It will be seen that the foods that 
V ere best used were meat, eggs, rice, white bread, noodles and macaroni 
Less well digested were milk, cheese, fats and potatoes The highest 


T^ble 1 — Results Obfaiucd by Bcjhizkt with Vanous Kinds of Food 

(Fiom Babkin) 


Kind of Pood 

Amount Collected 
After Ten Hours, 

Cc 

Per Cent 
Excreted 

600 cc water 

97 

16 

400 Gm meat 

208 

50 

200 Gm bread 

343 

171 

600 cc oatmeal (water) 

SO 

13 

600 cc oatmeal plus milk 

253 5 

42 2 

600 cc nee plus milk 

324 5 

540 

600 cc mush plus milk 

244 0 

40 6 

600 cc milk 

1711 

285 

600 cc. skimmed milk 

224 7 

375 

000 Gm curds 

256 

43 

100 Gm butter 

4 7 

47 

100 cc olive oil 

4 0 

40 

300 Gm raw egg albumin 

79 5 

265 

300 Gm boiled egg albumin 

23 5 

78 

300 Gm ran egg-yolk 

17 5 

58 


Table 2 — List of Food Given by Ritbnei to Young Healthy Men (Fioni Rubner) 


Percentage Lost m the Stools 

- A - 


Food 

Dry Substance 

Xitrogen 

Ash 

White bread 

37 

18 7 

17 3 

Wliite bread 

5 2 

257 

254 

Eice 

41 

20 4 

15 0 

Macaroni 

43 

171 

241 

Macaroni 

57 

112 

222 

Meat 

47 

25 

15 0 

Meat 

56 

2.8 

212 

Xoodles 

49 

205 

209 

Egg plus meat 

51 

26 

181 

Egg, hard boiled 

52 

29 

18 4 

Milk plus cheese 

60 

37 

261 

Milk plus cheese 

68 

29 

307 

Milk plus cheese 

113 

49 

55 7 

Corn 

67 

15 5 

300 

Butter, 240 Gm 

6 7 

113 

20 0 

Milk 

78 

6 3 

48 8 

Milk 

84 

7 0 

46 8 

Milk no 5 

84 

70 

46 8 

Milk no 7 

94 

12 0 

44 5 

Milk no 6 

10 2 

77 

48 2 

Lard, 100 Gm 

85 

121 

285 

Lard, 200 Gm 

92 

14 0 

251 

Potatoes 

94 

32 2 

15 8 

Cabbage 

14 9 

185 

19 3 

Black bread 

15 0 

320 

36 0 

Carrots 

207 

390 

338 


percentage of loss was found with certain samples of milk and cheese, 
with cabbage, black bread and carrots 

If a low residue diet is desired, Cammidge advises the use of small 
amounts of white bread and butter, white of egg, lean meat and well 
cooked rice Carter, Hove and Mason® mention the fact that when 

9 Carter, H S , Howe, P E, and Mason, H H Nutrition and Clinical 
Dietetics, Philadelphia, Lea & Febiger, 1921, p 47 
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milk IS added to the diet it will cause considerable increase in the fecal 
output They think this is due to unabsorbed calcium, phosphorus and 
perhaps nitiogen 

At St Mary’s Hospital, Rochestei, Minn , the low residue diet 
piesciibed by the dietitian. Miss Smith, is made up of strained fruit 
juices, broth, tea, coffee, sugar, candy made of sugar alone and jello 
made with strained fruit juices Such a diet works satisf actoi ily, and 
patients easily go for eight days without a bowel movement 

REPORT or EXPERIMENTS 

The animals used m these studies were prepared by the following method 
As IS tvell known, it is not easy to make an ileal fistula in a dog and have him 
live in comfort The surrounding skin tends to become excoriated, the opera- 
tive wound becomes infected, and healing is retarded or made impossible To 
avoid this difficulty, animals were operated on as follows Under ether anes- 
thesia, the last 25 cm of ileum was resected together with the colon up to a 
point 6 cm from the anus End to end anastomosis was then performed on the 
ileum and rectum In one of the three animals on which our observations were 
made 10 cm of the colon had to be left on account of the situation of some 
large arteries Animals were thus obtained which to all intents and purposes 
had a fistula of the terminal ileum, but which were much easier to take care of 
because they possessed a normal anus and a continent sphincter It also greatly 
simplified the problem of collecting specimens of feces 

During this series of experiments, three animals were used dog 1, a fox 
terrier weighing 5 8 Kg at the beginning of the experiment , dog 2, a mongrel, 
weighing 9 9 Kg, and dog 3, a mongrel, weighing 15 6 Kg Largely perhaps 
on account of the daily experimenting with single foods, the animals tended 
to lose t\ eight, but this tendency was counteracted by giving them plenty of 
food on Sundays and during occasional rest periods 

The animals were fed only once a day, about 8 30 a m One dog ate 
greedily anything that was given him, but the other two sometimes objected to 
certain foods and had to be fed either by tube or by dropping the material on 
the back of the tongue Within from fifteen to thirty minutes after feeding, 
the animals were fastened comfortably either in the lateral recumbent or in the 
crouching position Samples were collected at hourly intervals for eight hours, 
and the animals were then put into metabolism cages In the morning any 
fecal material found on the floor of the cage or in the rectum, was examined 
microscopically, if it contained food remnants, it was added to the samples 
from the day before, but if it was a typical, dark, foul-smelling, amorphous 
"hunger stool,” it was thrown away Ordinarily, with foods that did not 
contain cellulose, there was little if any residue after the first eight hours 

The fecal material was collected with the help of a glass tube, 15 cm in 
length and about 1 cm in diameter to which petrolatum had been applied, this 
tube was passed through the anus Any fluid present immediately flowed out, 
and solid feces were then forced into the tube by the straining of the animal 
During the first few weeks, some stools were voided normally, but later the 
animals practically always waited until the tube was passed Any fecal material 
adhering to the side of the tube was washed out with a measured amount of 
distilled water, and the whole specimen was then weighed Note was made of 
the color, odor, consistenc 3 '-, reaction and microscopic appearance of the 
material, and the specimen was then dried to constant weight 
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FASTING RESIDUES 

food was not given for twenty-four hours, only a small 
amount of dark brown material appeared It had the consistency of 
thin mush and the odor was offensive like that of the usual dog’s stool 
Table 3 show^s the amounts of moist and dry matenal excreted m 
twent}'-four hours by each of the three dogs (chart 1) The reaction 
was ahvays neutral to litmus paper Microscopic examination show’-ed 
granular material wuth occasional epithelial cells 


T \BLE 3 — Amounts of Moist and Diy Matenal Exciefed Dunng 

Tzvcnty-Foui Homs 




Total Fecal Output m 

Output of Moist 



Grams m 21 Hours 

Stool for Each 


Weight, 

/ 

\ 

Kilogram of 

Dog 

Kg 

Moist 

Dry 

Body Weight 

1 

G8 

916 

217 

1 35 

O 

99 

15 37 

2 47 

116 

3 

15 6 

18 09 

309 

1 55 



Chart 1 — The rate and quantity of excretion of moist residues (expressed 
m grams) for meat and broth, also the amount of fecal matenal obtained 
during fasting and after the giving of water 

CHARACTERISTICS OF FECAL MATERIAL WITH DIFFERENT DIETS 

M^hen the animals w'ere fed wuth protein foods, meat, liver, gelatin 
and concentrated broth, the stools resembled closel> those obtained 
from fasting animals Only once was the reaction faintly alkaline, 
and that was when hashed meat was used When the animals were 
fed on gelatin, the stools w^ere light colored and had little odor, when 
meat w'as used, they were dark and usually fetid 

Food consisting mainly of carbohydrate, such as rice, bread, banana, 
apple and sugar ga^'e rise to light canar}'^, golden yellow or russet 
colored stools The} w^ere mushy in consistency but somew^hat thicker 
than the protein stools They gave off little odor Those obtained 
after feeding raw banana w^ere fluid After meals of dextrose, sucrose 
and lactose, the stools contained reducing substances 
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When the animals were given lard, the stools weie generally yellow, 
mushy and putrid , when they were given butter, the stools were watery 
and soapy In one dog, who vomited some of the butter, neutral fat 
could be seen in the stool The fatty stools did not seem to contain 
more bile than others 

RATE OF PASSAGE 

Piotein — From 140 to 300 Gm of lean meat or liver were fed, 
representing from 13 to 22 Gm for each kilogram of body weight 
Although the rate of passage varied even in the same animal on different 
days, it was usually slow, in some experiments, nothing appeared at 
the anus for four and a half hours Gelatin and hard boiled egg went 
through the bowel slowly, like meat, but raw egg albumin went through 
rapidly (chart 2) 



Chart 2 —Percentages of the amounts eaten, the rate and amount of excretion, 
of moist fecal residues from various foods Most of the curves represent 
averages from several experiments 

Caihohydrate — From 150 to 350 Gm of boiled rice, farina, bread or 
baked potato were given at one time This represented from 9 6 to 
33 6 Gm for each kilogram of body weight The residues from rice 
appeared early, but, on the whole, they came through even more slowly 
than did those from meat The residues from the other carbohydrate 
foods usually came through rapidly 

Fats — Pure lard and butter were given m amounts of from 68 to 
156 Gm or about 10 Gm for each kilogram of body weight In 



118 


ARCHIVES OF IXTERSAL MEDICIXE 


only one dog did tins amount of butter cause nausea, and in this animal 
the material went through so rapidh that some of it ^\as untouched 
by the digestive juices Butter passed through tlie small intestine about 
as fast as some carbohj drates, but lard passed through at a rate inter- 
mediate betv een that of protein and carbohj drate These experiments 
V ith protein, carbohj’drate and fat give considerable support to Cannon s 
obsen ations 

Flint s — Canned pineapple, raw and baked apple with the skin 
remo\ed raw and baked banana, and puree of prunes were gnen in 
amounts of from 13 to 22 Gm for each kilogram of bod} v eight 
The banana and pineapple were cut into small pieces, and the apple 
was passed through a meat chopper The residues from the bananas 
apples and prunes came through rapidly, m from one half to tliree 
fourths of an hour The residue from the pineapple began to appear 
tvo and a half hours after the feeding, and it kept on appeanng for 
tv enty-eight hours or more The food was little aftected by the diges- 
tive juices 

Liquid Foods and IVatei — ^Water gnen by stomach tube in amounts 
representing 36 7 cc for each kilogram of bod} v eight seemed to vash 
through a little more matenal into the terminal ileum, or perhaps it 
increased the amount of excretion into the hovel (chart 1) The 
amounts of feces obtained for each kilogram of body weight in the 
three dogs given Avater vere 1 91, 1 37 and 2 38 Gm Without water 
the figures were 1 35, 1 16 and 1 55 Gm Strained broth, so concen- 
trated that it vould jelly, vas given in amounts of 36 7 cc for each 
kilogram As may be seen from chart 1, it seemed to be stimulating 
to peristalsis, so that the residues came through more rapidly and in 
larger amounts than did those of its constituents, water and meat 
Ordinary thin broth ran through the bow^el even more rapidly so 
Heile’s experience with soups is confirmed 

Sugais — ^When we gave 250 cc (36 7 cc for each kilogram) of 
a 4 2 per cent solution of lactose, corresponding to tlie concentration 
found m milk, the first residues appeared within fifteen minutes, and 
the rate of progress through the bowel was so rapid that nothing could 
be obtained after four and a fourth hours This result so close!} 
duplicated those of Strashesko that no further experimenting was 
done with lactose The giving of 343 cc of a 33 per cent solution of 
dextrose caused material to appear at the anus within thirt}* minutes 
Progress was not so rapid as with lactose but the bowel was empt} 
after four and a half hours In another experiment, 343 cc of a 
33 per cent vaterj* solubon of “karo” vas given matenal appeared 
in thirt} minutes but progress vas slover than vnth pure dextrose 
and most of the residue vas obtained betveen the fourth and sixth 
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hours After that the excretion stopped Excretion was rapid also 
if the animal was given 109 cc of a 50 per cent solution of sucrose, 
but residues kept coming away for seven hours 

Milk — ^Whole milk was given m amounts of 36 7 cc for each 
lalogram The first specimen appeared m thirty minutes, and at the 
end of three hours most of the residues had passed No constant 
difference could be observed in the behavior of raw and boiled milk, 
uhich IS of inteiest in view of the widespread belief that boiled milk 



Chart 3 — Percentages of the amounts eaten and the rate and amount of 
excretion of moist residues from fresh, boiled and condensed milk 

IS particularly efficacious in the treatment of diarrhea An interesting 
peculiarity about the excretion of milk residues, well illustrated in 
chart 3, is the marked divergence m the results obtained with the 
three dogs, the shape of the ounces is the same in each instance, but 
dog 2 always digested the milk better than did dogs 1 and 3 This 
marked difference in the resorptive powers of the animals was more 
constant and striking with milk than ivith any other food As will be 
seen from chart 4, it ivas much less apparent when milk was added to 
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Other foods, such as farina, but even then the digestive povers of the 
dogs fell into the same sequence Heile noticed that some of his dogs 
did not digest food as well at some times as they did at others, and he 
thought the difference was due to the presence of enteritis, but this can 
hardly be the explanation for the differences obtained in our experi- 
ments Condensed milk (Carnation brand) was given, either undiluted 
or diluted with equal parts of water, m amounts of from 21 7 to 44 cc 
for each kilogram of body weight The residues came through more 
slowly at first, so that the curves of excretion are different from those 



Chart 4 — Percentages of the amounts eaten, and the rate and amount of 
excretion of moist residues from farina, from farina and milk and from some of 
the constituents of milk 

obtained with fresh milk The condensed milk was not digested as well 
as was the fresh milk 

Swiss cheese was given grated in amounts of 26 4 Gm for each 
kilogram The rate of progress was rapid, and within thirty minutes 
enormous amounts of fluid residue were obtained (chart 2) Even 
after five and a half hours, the fecal output was still large Cottage 
cheese (grade A, apparently full of fat) was given in amounts of from 
22 to 29 4 Gm for each kilogram The time of appearance of the 
residues was vanable, in one experiment being as late as the fifth hour, 
and the curve of excretion was flat like that of meat 
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INFLUENCE OF MILK AND MILK CONSTITUENTS ON THE 
DIGESTION OF OTHER FOODS 

In View of the decided statements made by Berlatzki and otheis with 
legal d to milk, it seemed advisable to check then results with care A 
number of expeiiments weie carried out first to establish the noimal 
late of passage for cooked farina With 22 Gm for each kilogram of 
body weight the lesidues appealed eaily, as one would expect with a 
caibohydrate food When an equal amount of whole milk was added, 
there was little change in the late of progress, in one experiment it was 
consideiably accelerated, but in another it was a little slower than usual 
Chart 4 shows the lesults with the tlnee dogs In order to deteimme 
whether more pionounced effects could be obtained with any constituent 
of the milk, the dogs weie given, besides fauna, amounts of water, 
buttei, cuid and lactose equal to those contained in the milk given in 
the pievious expeiiments It was found that watei somewhat inci eased 
the rate of piogiess of food, while buttei and lactose had no constant 
effect, lactose inci eased the total amount excieted When ciude casein 
(made by adding junket to milk, expiessing the whey through cloth foi 
twenty-four houis, and washing foi a short time in water) was added 
to the fauna, the late of piogiess was slightly accelerated, and the 
total amount of moist lesidue was consideiably inci eased The addition 
of milk to biead legulaily deci eased the percentage of moist lesidue 
as did the addition of broth to biead 

Fiom this woik it appeals that, at least m the dog, the addition of 
milk to othei foods does not mterfeie with digestion as much as 
Berlatzki thought, vhat inteifeience theie is seems to be due to casein 
01 lactose I\Ioie vork is needed to show why casein in the foim of 
cottage cheese vas veil digested, while in the form of junket oi Swiss 
cheese it was pooily digested 

THE AMOUNT OF RESIDUE WITH DIFFERENT FOODS 

Table 4 shows the peicentage of moist and diy residues obtained 
after the giving of ^aiious foods These foods have been arianged 
so fai as possible in the oidei of then digestibility, as judged by the 
peicentage of moist lesidue appealing at the anus Among those with 
the least residue are gelatin, suciose, dextiose, “kaio,” concentrated 
broth, haid boiled egg, meat, hvei, rice, farina and cottage cheese, 
among those with the laigest icsidues aie fiuits, potatoes, biead, lard, 
butter, Swnss cheese, soft boiled egg, law egg albumin, milk and lactose 
The longest diy lesidues w^eie seen with dextiose, suciose, gelatin, 
liver, meat, biead and milk, laid and butter The laigest diy residue 
w^as 85 9 per cent, seen with law egg albumin Othei high dry lesidues, 
approximately 57 pei cent, w^eie seen with potato, law banana, lactose 
raw' apple and broth 



Table 4 — Paccniagc of Moist and Diy Residues Obtained with Vat wits Foods 





Total Amount 


Total Residue, Percentage of 

Per- 



± orced of Food, Gm 

Fppd, A 

Per 

Kilo- 

Gm 

.JL 

Residue i 

A 

centage 

Dos Food 

ing 

Moist 

Dry 

gram 

r 

Moist 

Dry’ 

t 

Moist 

Drj 

of 

Water 

2 

Gelatin 

Tes 

3&tS 

712 

367 

17 22 

2 39 

47 

84 

861 

1 

Dilute broth 

Eo 

246 8 

29 

367 

19 70 

119 

79 

41 0 

939 

2 

Dilute broth 

Ko 

360 0 

42 

367 

35 88 

179 

99 

42 3 

95 0 

3 

Dilute broth 

Tes 

5671 

67 

36 7 

59 57 

202 

10 5 

30 3 

960 

3 

Dextrose, 33 per cent 

Tes 

507 7 

1716 

220 

53 53 

283 

10 5 

17 

94 7 

3 

“Knro,” 33 per cent 

Tes 

507 7 

134 2 

249 

55 70 

714 

10 6 

53 

872 

2 

Sucrose, 50 per cent 

No 

215 5 

1089 

11 0 

23 79 

3 52 

110 

32 

85 2 

O 

O 

Farina, water 

Tes 

67S9 

568 

43 5 

44 83 

582 

66 

10 2 

870 

1 

Farina, water 

Tes 

296 9 

249 

43 7 

32 76 

4 46 

no 

17 9 

86 4 

3 

Strong- broth 

No 

569 2 

284 

36 7 

56 93 

764 

10 0 

26 9 

86 6 

1 

Strong broth 

No 

249 6 

12 5 

36 7 

32 80 

529 

131 

42 5 

839 

2 

Strong broth 

No 

369 5 

18 4 

36 7 

51 45 

6 66 

13 9 

361 

871 

1 

Eice 

Tes 

229 6 

48 9 

338 

26 62 

4 92 

116 

101 

81 5 

1 

Rice 

Tes 

219 6 

45 3 

323 

29 85 

4 68 

13 6 

10 3 

81 3 

1 

Eice 

Tes 

174 8 

40 2 

25 6 

23 75 

460 

13 6 

11 5 

806 

2 

Liver, hashed 

No 

200 0 

75 0 

20 2 

20 54 

383 

10 3 

51 

81 3 

3 

Liver, hashed 

No 

2000 

75 0 

12 8 

3194 

423 

16 0 

56 

86 7 

1 

Liver, hashed 

No 

150 0 

563 

ffilO 

26 02 

410 

17 3 

73 

84 2 

2 

Liver, lumps 

&o 

200 0 

750 

20 2 

25 31 

477 

127 

64 

811 

3 

Liver, lumps 

No 

200 0 

750 

12 8 

25 65 

389 

128 

62 

848 

1 

Liver, lumps 

No 

150 0 

56 3 

220 

23 39 

4 67 

15 6 

83 

SOI 

1 

Meat, lumps 

No 

150 0 

42 9 

22 0 

17 69 

338 

118 

79 

809 

1 

Meat, lumps 

No 

300 0 

858 

44 0 

41 32 

6 74 

13 8 

79 

83 7 

1 

Meat, hashed 

No 

140 0 

40 0 

206 

21 30 

387 

15 2 

96 

818 

1 

Meat, hashed 

No 

150 0 

42 9 

220 

24 93 

5 39 

16 6 

12 5 

784 

1 

Meat, hashed 

No 

150 0 

42 9 

22 0 

25 52 

462 

17 0 

10 8 

81 9 

1 

Cottage cheese 

No 

150 0 

374 

22 0 

2175 

3 50 

14 5 

94 

839 

1 

Cottage cheese 

No 

200 0 

49 8 

294 

31 29 

510 

156 

10 2 

837 

1 

Egg, hard boiled 

No 

246 5 

648 

36 2 

37 21 

633 

151 

98 

829 

1 

Farina, broth 

No 

179 8 

259 

26 4 

21 34 

2 43 

118 

94 

886 

1 

Farina, broth 

No 

179 8 

25 9 

26 4 

2719 

3 23 

151 

12 4 

881 

3 

Farina 

Tes 

343 0 

56 8 

22 0 

42 96 

502 

125 

88 

883 

1 

Farina 

Tes 

1500 

24 9 

220 

22 45 

2 72 

15 0 

10 9 

87 9 

2 

Farina 

No 

2180 

361 

220 

37 96 

483 

17 4 

13 3 

872 

2 

Fanna, butter 

No 

2251 

427 

227 

40 08 

475 

17 8 

111 

881 

3 

Fanna, butter 

No 

354 5 

671 

227 

60 34 

896 

17 0 

13 3 

852 

1 

Farina, butter 

No 

1550 

294 

228 

30 94 

3 39 

19 9 

115 

890 

2 

Fanna, milk 

No 

4410 

634 

445 

68 35 

928 

13 2 

14 6 

841 

1 

Fanna, milk 

No 

303 4 

43 6 

446 

50 71 

6 86 

16 7 

15 7 

86 5 

3 

Fanna, milk 

No 

693 9 

997 

445 

128 04 

16 88 

18 4 

16 9 

86 8 

3 

Fanna, lactose 

Tes 

357 5 

724 

230 

59 01 

787 

16 5 

no 

86 6 

1 

Farim, lactose 

Tes 

156 4 

812 

23 0 

32 37 

568 

20 7 

18 2 

825 

2 

Fanna, lactose 

No 

2272 

45 4 

230 

48 70 

7 42 

214 

164 

84 8 

2 

Fanna, casein 

No 

266 7 

548 

269 

55 59 

8 33 

208 

15 2 

85 0 

8 

Fanna, casein 

Tes 

4255 

884 

273 

92 08 

11 45 

216 

13 0 

870 

1 

Fanna, casein 

No 

189 2 

399 

278 

5816 

683 

307 

171 

883 

1 

Milk 

No 

255 7 

313 

36 7 

50 46 

483 

197 

15 4 

90 4 

2 

Milk 

No 

373 3 

45 6 

36 7 

85 45 

9 95 

229 

218 

883 

1 

Milk 

No 

265 7 

313 

36 7 

68 66 

823 

268 

263 

880 

1 

Milk 

No 

2557 

31 3 

36 7 

75 21 

767 

294 

245 

898 

3 

Milk 

No 

5881 

719 

367 

227 50 

21 54 

387 

29 9 

901 

1 

Lactose, 4 2 per cent 

Tes 

255 4 

106 

36 7 

66 79 

602 

222 

568 

910 

3 

Bread, milk 

No 

303 4 

135 3 

19 4 

59 34 

8 38 

19 5 

62 

85 9 

2 

Bread, milk 

No 

303 4 

135 3 

30 6 

60 91 

10 68 

201 

79 

82 5 

2 

Bread, milk 

I\o 

303 4 

135 3 

306 

65 43 

11 49 

218 

85 

824 

2 

Bread, milk 

Tes 

3034 

135 3 

30 6 

68 50 

12 44 

^2 

92 

81 8 

3 

Bread, milk 

No 

303 4 

135 3 

19 4 

9177 

13 59 

30 0 

14 8 

834 

1 

Bread, milk 

Tes 

303 4 

135 3 

44 6 

92 54 

13 59 

305 

10 0 

853 

2 

Bread, broth 

Tes 

298 8 

1219 

30 2 

60 79 

10 95 

20 4 

89 

819 

1 

Bread, broth 

Tes 

298 8 

1219 

439 

76 21 

1160 

255 

95 

81 8 

3 

Bread, broth 

No 

2988 

1219 

19 2 

79 75 

1181 

26 8 

96 

85 2 

1 

Condensed milk diluted 

No 

3037 

39 5 

44 0 

94 80 

Ills 

312 

28 3 

880 

o 

Milk, boiled 

No 

352 9 

47 5 

367 

50 44 

6 76 

14 3 

141 

860 

1 

Milk, boiled 

No 

2521 

339 

36 7 

89 64 

10 65 

35 6 

314 

SSI 

3 

Milk, boiled 

No 

514 2 

692 

367 

22162 

2119 

431 

306 

904 

3 

Bread 

Tes 

150 0 

116 5 

96 

66 96 

1216 

44 6 

10 4 

81 8 

1 

Bread 

Tes 

150 0 

116 5 

220 

70 82 

10 89 

47 2 

93 

84 6 

2 

Bread 

No 

150 0 

116 5 

15 2 

79 08 

13 29 

52 7 

114 

832 

2 

Condensed milk 

No 

224 8 

565 

217 

64 87 

9 28 

288 

16 4 

857 

2 

Condensed milk 

No 

224 8 

565 

217 

80 22 

10 98 

35 7 

19 4 

863 

3 

Condensed milk 

No 

3o5 5 

894 

217 

204 93 

23 84 

57 6 

206 

883 

1 

Condensed milk 

No 

156 7 

39 5 

22 0 

11137 

12 65 

70 9 

321 

886 

1 

Pineapple canned 

Tes 

150 0 

373 

220 

69 88 

911 

46 6 

24 4 

809 

1 

Egg, soft boiled 

No 

121 0 

301 

17 8 

61 00 

6 08 

50 4 

20 2 

903 

2 

Lard 

No 

99 0 

990 

10 0 

43 21 

7 25 

43 6 

73 

832 

3 

Lard 

No 

156 0 

156 0 

10 0 

72 93 

1191 

46 2 

7 6 

835 

1 

Lard 

No 

680 

680 

10 0 

39 33 

632 

57 8 

93 

839 

1 

Ran egg albumin 

Tes 

178 5 

213 

262 

100 92 

18 34 

565 

85 9 

818 

3 

Banana, baked 

Tes 

340 0 

868 

22 0 

106 51 

12 64 

313 

14 6 

881 
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Tabu; 4 — Peicentagc of Moist and Diy Residues Obtained with Pat tons 

Foods — ( Continued ) 





Total Amount 


Total Residue, Percentage of 

Per- 



± orced of I^ood, Gm 

Per 

Gm 

Residue 

ccntage 





A ^ 

‘K’lln- 






Dog rood 

mg 

Moist 

Dry 

gram 

Moist 

Dry 

f 

Moist 

Dry 

Water 

2 

Bnnana, baked 

Yes 

215 0 

549 

22 0 

8615 

12 41 

40 0 

22 6 

85 6 

1 

Banana, baked 

Yes 

150 0 

383 

22 0 

87 76 

11 40 

58 5 

29 8 

871 

3 

Apple, baked 

Ko 

300 0 

55 3 

19 2 

136 08 

13 86 

45 4 

251 

89 8 

2 

Apple, baked 

No 

200 0 

36 8 

20 2 

10101 

10 86 

50 5 

295 

892 

1 

Apple, baked 

No 

100 0 

184 

14 7 

54 01 

664 

54 0 

36 0 

87 7 

3 

Apple, rair 

No 

300 0 

381 

19 2 

147 10 

17 45 

49 0 

45 8 

881 

1 

Apple, rail 

No 

100 0 

12 7 

14 7 

50 36 

6 42 

504 

506 

87 2 

2 

Apple, raw 

No 

200 0 

254 

202 

118 36 

9 67 

59 2 

880 

918 

8 

Butter 

No 

1560 

1404 

10 0 

95 90 

1115 

61 5 

79 

883 

2 

Butter 

No 

990 

891 

10 0 

72 98 

1135 

737 

12 7 

844 

3 

Prunes, pureed 

No 

200 0 

75 0 

12 8 

120 45 

14 21 

602 

18 9 

882 

2 

Prunes, pureed 

No 

200 0 

75 0 

202 

154 65 

18 68 

77 3 

249 

87 9 

3 

Prunes, pureed 

Ko 

3430 

128 6 

220 

297 85 

34 82 

86 8 

271 

883 

1 

Prunes, pureed 

No 

S70 

326 

12 8 

79 35 

10 44 

912 

319 

86 8 

2 

Prunes, pureed 

No 

217 8 

817 

22 0 

199 20 

24 33 

915 

29 7 

82 8 

1 

Prunes, pureed 

No 

150 0 

56 3 

22 0 

159 36 

1716 

106 2 

30 5 

89 2 

1 

Swiss cbeeso 

Yes 

179 8 

116 8 

26 4 

171 79 

12 87 

95 6 

110 

925 

2 

Potato, baked 

No 

217 0 

515 

220 

187 85 

2410 

86 6 

46 8 

87 2 

1 

Potato, baked 

Yes 

150 0 

35 6 

220 

140 79 

15 76 

938 

443 

888 

3 

Potato, baked 

No 

343 0 

813 

22 0 

348 58 

46 91 

1016 

57 7 

86 5 

2 

Banana, raw 

Yes 

215 0 

44 9 

22 0 

21189 

17 48 

98 5 

389 

91 7 

i 

Banana, raw 

Yes 

1500 

314 

220 

167 96 

10 25 

11197 

32 7 

938 

3 

Banana, raw 

Yes 

310 0 

71 1 

22 0 

481 01 

40 31 

141 4 

56 7 

91 6 


Raw egg albumin is dietetically a most interesting substance It is 
well known that it runs through the stomach and out of the pylorus 
undigested, and we found that it goes through the small bowel in the 
same way, in fact, in these experiments it was seen to run out of the 
rectum unchanged Similar observations have been made by Bateman, 
who found that when he gave considerable amounts of law white of 
egg to dogs,, rats, rabbits and man, it caused diarrhea It appealed 
to be utilized to the extent of from 50 to 70 per cent onl)'- Even in 
animals with an intact colon, the feces were liquid, soft, or pasty, and 
contained unchanged egg-white In a small dog, two raw eggs produced 
softening of the feces, while four or five produced diarrhea They had 
this effect even when mixed with other foods Dried egg-white was 
found to be just as indigestible as the liquid substance 

The work of Aufrecht and Simon suggests that raw egg is much 
better tolerated by man than by the dog, but their results are so divergent 
from ours and those of Bateman that the subject should be further 
investigated Chart 2 shows the staking differences m the digestibility 
of raw, soft boiled and hard boiled eggs 

The high percentage of dry residue obtained aftei giving lactose is of 
interest because this substance is supposed to be almost unabsorbable by 

10 Aufrecht, S , and Simon, F Ueber Nahrwert und Ausnutzung roher und 
weichgekochter Huhnereier, Deutsche med Wchnschr 2 2308, 1908 

11 Bateman, W G The Digestibility and Utilization of Egg Proteins, 
J Biol Chem 26 263, 1916 
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the mucous membrane of the bow el For this reason, it may inci ease the 
fluidity of the intestinal contents and act as a laxative m much the same 
way as does magnesium sulphate 

The highest percentage of moist residue w^as found with raw 
banana (141 4 and 111 97 per cent), and this food sometimes gave rise 
to stools larger than the original meal Other foods giving stools 
slightly larger than the meal w'ere prunes (1062 per cent) and baked 
potato (1016 per cent) Large moist residues weie obtained also 
after feeding lard, butter, Swuss cheese, apple, milk, law egg albumin 
and biead 

The large stools obtained wuth prunes and baked apple were to be 
expected in view' of the well known laxative propeities of these foods 
Our experiments suggest that bananas also might be used m the tieat- 
ment of patients wdio are constipated Von Noorden and Salomon 
call attention to the fact that in Germany potatoes are sometimes used 
foi this purpose, when eaten m large quantities, they give rise to 
large mush}' stools It is well known also that butter and cieam aie 
slightly laxative when given m sufficient amounts 

The large i esidue obtained with milk is interesting because it throws 
light on the fact that this food is not well tolerated by many persons 
After taking considerable quantities of it, many become constipated, 
otheis are troubled with diarrhea, and in both groups there are many 
w'ho suffei from flatulence and “biliousness ” The poor digestibility of 
cow'’s milk has been commented on by Voit, Prausmtz and many othei 
authoiities quoted by von Noorden and Salomon The last named writers 
comment on the fact that milk is not so well utilized in the bowel as 
are eggs, meats or even some of the softer vegetables They estimate, 
fiom experiments reported by many workers, that when milk is ingested 
the peicentage of dry substance excreted in the stools of healthy men 
and w'omen is about 7 1 per cent 

Influence of Comnunuhon — Strange to say, when meat or hvei was 
given m the foim of lumps, the peicentage excreted was a little smaller 
than w'hen the food was given hashed It must be remembeied how- 
ever, that the dog’s digestive tract must be particularly well prepared 
for the handling of unchewed food 

Influence of the Amount of Food Given — One would expect the 
amount of moist residue to vary directly with the amount of food given, 
and w'e found this to be true One would expect also that w'hen the 
amount given exceeds that which the intestine can handle efficiently, the 
percentage excreted would rise rapidly Mullei noticed that in noimal 

12 Von Noorden, K H, and Salomon, Hugo Handbuch der Ernahrungs- 
lehre, Berlin, Julius Springer, 1920, p 1 
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dogs fed with fatt} foods a certain amount could be handled satis- 
factoiily, but when this was exceeded, the stools immediately became 
voluminous, foul and full of neutial oil He apparently was unable to 
leach the uppei limit of toleiance for meat, because, even when he 
gave 2,500 Gm to a dog weighing 35 Kg, digestion was a little moie 
complete than when he gave 500 Gm So far as oui expeiiments went, 
they showed the same lesult, the meat was always well digested, but 
on some occasions we probably gave more fat than the animal could 
digest Moie woik might well have been done on this phase of the 
pi oblem 

SUMMAR\ 

The expeiiments heie lepoited suggest that the best basis foi a low 
residue diet is lean meat To this might be added iice, haid boiled 
eggs, sugais (except lactose) and piobably small amounts of fruit 
juices, tea and coffee The highest degiees of absorption could probably 
be seemed by giving small amounts of food seveial tunes during the 
day Oui expeiience with the dogs, together with that of Beutten- 
muller with a patient with a fistula m the terminal ileum, suggests 
that less mateiial will be earned into the colon if the diet is kept 
fairly drj 

There is consideiable evidence both in the expeiiments here 
leported and in the liteiatuie to show that when it is desiied to pi event 
bowel inmements, milk should not be given The large lesidue often 
left in the terminal ileum after the taking of milk may account for 
the fact that it is not well tolerated by many persons and that it makes 
them “bilious This is a point that we think should be brought to the 
attention of the medical profession, because there is a tendency on the 
part of many physicians to piesciibe milk and sometimes nothing but 
milk whenever they wish to give the digestive tiact a rest They are 
prone to prescribe it also in cases of diarihea, although it appears that 
It IS one of the first foods they should inteidict It has been our 
experience that milk has a bad effect on many persons with diarrhea 
who promptly get well when given nothing but meat or meat with a 
little puie starch and sugai 

It IS interesting to see how closely our figures foi percentage of fecal 
residue with different foods agree with many of those obtained on 
animals and man with the colon intact It suppoits other observations 
showing that the mucous membrane of the colon absorbs little besides 
water 

13 Beuttenmuller, Helene Beobachtungen an eincr Zoekalfistel, Munchen 
med Wchnschr 1 743, 1920 
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Attention is called again to the peculiar indigestibility ot raw egg 
albumin, an important point because some ph\sicians and most laymen 
believe that there is nothing more nourishing than a raw egg 

Cuiious also was the inahiht} of the dogs to digest law banana, 
Swiss cheese, baked potato and white bread We were not surprised 
at their inability to digest apple, because this fruit is not tolerated by 
many men and women 
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IRVINE H PAGE, MD 

N1 W YORK 

The clinical similaiity of mytotic infection of the lung to tuber- 
culosis leiicleis the cliff eiential diagnosis of both therapeutic and piog- 
nostic impoitance Since but lelatively few cases of infection by 
sfi cptotJiin as distinguished fiom actinomycosis, have been recognized 
and lepoited, the following lecoicl of a case seems peitinent 

REVIEW or THE UTERATURE 

CohiU m 1875 hist gave the name Sf) epfofhin focisteii to a 
filamentous blanched organism isolated fiom a laciimal duct con- 
cietioiO'^ Eiipingei,- however, ga\e the fiist classic description of 
a case — an abscess of the biain fiom winch a pure cultuie could be 
isolated using the oidniaiy mediums Pie named this fungus Cladothux 
astcioidcs Furthei woik confused this oigamsm with the organism 
now known, at least genencally, as Actmomyce'; (Bollingei ^), which is 
especially chai actei ized by the sulphui gianules, clubbed ends of the 
filamentous mycelium and the fact that it is most commonly seen in the 
“lumpy jaw” infections of cattle 

In 1888, NocauU desciibed an oigamsm which was latei teimed 
St) cptothux faicinica, isolated fiom a disease indigenous m the 
Guadeloupe Islands and known as “farcin du boetif ” De Tom and 
Tievisan ' named the whole gioup Nocaidw in honor of the discoverei 
of St) cptotJjiix fa)ci)uca 

The name Cladothux aAcioidcs was changed by Rossi Dona® in 
1891 to St) cptotJi) IX cppingo), because the false blanching of Cladothix 
was not piesent 

* From the service of Dr Lewis Conner and the Pathological Department 
(Dr W Elser), Cornell Division of New York Hospital 

1 Cohn, F Untersuchungen uber Bakterien II Beitr z Biol d Pflanz 
1 141, 1875 

la Forster Pil/massen in nnteren Thranenanalchen, Arch f Ophth 15 
318, 1869 Von Graefe, -k Arch f Ophth 15 324, 1896, 1 284, 1854 

2 Eppinger, H Ueber eine neue, pathogene Cladothnx, Beitr z path Anat 
u z allg Pathol 9 287, 1891 

3 Bollinger, O Ueber eine neue Pilzkrankheit beim Rinde, Centralbl f d 
med Wissensch , 1877, p 481 , Deutsche Ztschr f Thiermed 3 334, 1877 

4 Nocard, E Note sur la maladie des boeufs de la Guadeloupe, Ann de 
1 inst Pasteur, 1888, vol 2, p 293 

5 De Tom and Trevisan Schizomycetaceae, Saccardo — Sylloge fungorum, 
1889, vol 8 
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In 1898, A on Lachner-Sando\al " ie\ie\ved the matter and attempted 
to settle it on the giounds of pnorit} The name Nocaidia is antedated 
I)} both St)cptofJun and Actmomyces and hence is rejected hy him 
1 he name Sti cptotlu i\ was given by Coida® to a subdivision of Hypo- 
mycctcs, and is still in use for those fungi By exclusion, Actinomyces 
remains as the generic name 

Ihus, jMacCallum and Ins associates use this terminology As 
W right '' has pointed out, however, the biologic characteristics of the 
organism isolated h} Nocard are widety divergent from the characteristic 
Actinomyces bovi<; or “ray fungus” Theiefore, he does not see any 
justification foi the classification of such varied oiganisms as Acfnioniycc^ 
hovi<; and the variously named Nocaidia, Sti cptothi i\ , etc , as described 
bj Nocard and Eppinger undei one heading His belief is that usage 
rendeis the name Sti cptothi i\ justifiable While this solution is cer- 
tainl} fai from satisfactory, until more cases aie caiefully studied it 
seems best to use this classification Hence the name Sti cptothi i\ is 
used in this paper to he synonymous with Nocaidia, Actinomyces 
astcioidc<;, Sti cptothi n cppingcn and Cladothm astcioidcs following 
Wright’s studies, as distinct from the “ray fungus” or Actinomyces 
boi'is 

That the literature of the subject is greatly confused should cause 
little wonder It is the denouement of an evanescent systematization 

In general, the oigamsm shows true blanching, and the ends are not 
eluhbed , it is giam-positue When treated with carbol fuchsin and then 
\Mth Gabbett’s decolorizing solution it retains the stain, and to some 
extent i\hen tieated with an acid alcohol ( Czaplewski’s reagent) It 
grows well on potato and agar aerobicalty MacCallum,^” Steele,^^ 

Ilennci and Gaidner,^- and Musgra\e, Klegg and Polk give excellent 

desciiptions of these characteristics Wheal and Chown’s staining 
method is said h) Gibson to be useful foi staining the mycelium m 

tissues Feistmantel first carefully studied the acid fast qualities of 

the organism 

6 Rossi, Dona Ann d Inst d’lg sper d Univ di Roma 1 4, 1891 

7 Von Lachner-Sandoval Ueber StrablenpiDe, Inaug Dis , Strassburg, 
1898 

8 Corda A C Pracht flora europaiscber Schimmelbildungen Leipzig and 
Dresden 1839 

9 Wnuht, PI Nelson’s Loose Leaf Living Medicine, 1921, vol 2, p 364 

10 MacCallum W G Ccntralbl f Bakteriol 31 629, 1902 

11 Steele N E A Streptothrix Organism from a Brain Abscess, J M 
Research 44 305, 1923-1924 

12 ITenrici, A. T and Gardner E L The Acid Fast Actinomjcetes, 
J Infect Dis 28 232 1921 

13 Musgra\c, Klegg and Polk Philippine J Sc 3 447, 1908 

14 V heal and Chown J Path & Bact 16 146, 1911 

(Footnotes coultmtcd on folloxeing f'agc) 
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Many authors have contended, piobably justifiably, that there aie 
many transitional forms among this gioup of oiganisms It may well 
be that the organisms aie allotiopic, but until such changes in state can be 
con elated with enviionment, it would seem bettei to desciibe, without 
attempt to distoit the pictuie by foicing a doubtful classification, 
Clinically Sfjcpfothin does not show the rathei specific piedilec- 
tions shown by Achnoiuyccs St) eptotJn ia exhibits the most diverse 
types of infection, that of the lung piobably being the most common 
Isolation and identification of the oiganism seems the only reliable 
diagnostic ciiteiion 

As fai as I have been able to deteimine the following authois have 
desciibed cases of stieptothiicosis Frankel and Schottmuller,’' 
Almquist,^® Gaspermi,^'' Sauvageau and Radais,^“ Sabiazis and Riviere, 
Ferre and Faquet,'- Scheele and Peti uschk}' Buchholtz,^’* Ruge,^'' 
Rullmann,^” Beistnew,-" Maiesch,-® Flexner,-’’ Chian, Norris and 

15 Gibson, A G On the Infective Nature of Certain Cases of Splenomegaly 
and Banti’s Disease, Quart J Med 7 153, 1914 

16 Feistmantel, C Centralbl f Baktenol 31 433, 1902 

17 Frankel, B Gutartige Mykose des Pharynx, Berl klin Wchnsclir , 1873, 
no S Schottmuller and Frankel Ueber Streptotrichosis hommis, Munchen 
med Wchnschr 59 1405, 1912 

18 Almquist, E Untersuchungen ueber einige Bacteriengattungen mit 
Mycelien, Ztschr f Hyg u Infectionskrankh 8 189, 1890 

19 Gaspenni, G Recherches morphologiques et biologiques sur un micro- 
organisme de Tatmosphere, le Streptothrix foersteri Cohn, Ann de microg, 1890, 
p 449 

20 Sauvageau, C , and Radais, M Sur les genres Cladothrix, Streptothrix, 
Actinomyces, Ann de I'lnst Pasteur 6 242, 1892 

21 Sabrazis and Riviere Sur un Streptothrix recontre dans un cas d’abces 
du cerveau et d’lnfarctus suppure du rien, Presse med, September 22, 1894, Le 
parasites du genre Streptothrix dans la pathologic humame, Semaine med 41 383, 
1895 

22 Ferre and Faquet Semaine med, 1895, p 359, Mercredi med, 1895, p 441, 
quoted by Flexner J Exper Med 3 435, 1898 

23 Scheele and Petruschky Culturen und Praparate einer menschen-patho- 
genen Strptothrix — Art, Cong f inn Med 15 550, 1897, Munchen med Wchn- 
schr 44 686, 1897 

24 Buchholtz, H Ueber menschenpathogene Streptothrix, Ztschr f Hyg u 
Infectionskrankh 24 470, 1897 

25 Ruge, H Ueber Actinomyces — ahnliche Gebilde in den Tonsillen, Ztschr 
f khn Med 30 529, 1896 

26 Rullmann, W Ueber erne aus Sputum isolirte pathogene Streptothrix, 
Munchen med Wchnschr 45 919, 1898 

27 Berestnew Ztschr f Hyg u Infectionskrankh 29 94, 1898 

28 Maresch, R Streptothrix pericarditis, Wien khn Wchnschr 20 1557, 
1907 

29 Flexner, S Pseudo-Tuberculosis Hominis Streptothncha, J Exper Med 
3 435, 1898 

30 Chian, H Ueber Myelitis suppurativa bei Bronchiektasie, Ztschr f 
Heilk 21 351, 1900 
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I^irkin * Acnama and •\Ii\amoto/= Birt and Leishman,®^' Tiolldeiner,’’* 
Horst, ' Engclhardt and Lohlein,"’ MacDonald, Stokes,^® Schbad,®" 
lutllc.-"’ Butterfield,'^ Bridge,-*- Potron and Ther),-*® Steele and Lee,-*-* 
Gibson,’' DaMs and Gaieia,-*'’ Pijper,-"' Christopherson and Archibald,-*" 
Pinch and Jessup,'® E^ans,-''' Guy,'’" Glaser and Hart,®’ Lenchaitz,®- 
Henrici and Gardner,"'® lacono,"-’ Callendei,®® Gougeiot and Levy 

31 Norris, C , and Larkin, J H Two Cases of Necrotic Broncho-Pneumonia 
with Streptothrix, J E\per jMed 5 155, 1900 

32 A.oianici and Mnamoto Mitt a d med Fakult d k Univ 7U Tokj'o 

4 231, 1900 

33 Birt, C , and Leishman, W B A New' Acid Fast Streptothrix Pathogenic 
to Man and Animals, J Hig 2 120, 1902 

34 Trolldciner Ztschr f Tiermed 3 81, 1903 

35 Horst -V Fm Fall \on Streptothrix pvamie beim klenschen, Ztschr f 
Hcilk 24 157, 1903 

36 Engelhardt, G , and Lohlein, M Zur Kenntniss der Streptothrix pyamie, 
Deutsches \rch f khn ]\Ied 75 112, 1903 Lohlein Ueber Gehirnabszess 
durch Streptothrix, iMunchen med Wchnschr 54 1523, 1907, Streptothrix 
pramie nach priniarer Bronchopeumonie, Ztschr f Hvg u Infectionkrankh 63 1, 
1909 

37 MacDonald Scot M fiL S J 14 305, 1904 

38 Stokes, W R A. Stud} of the Group Actinomvces, Am J M Sc 128 861, 
1904 

39 Schhad, J \ Actinom\cosis Atvpica Pseudotuberkulosa, Ztschr f Hyg 
n Infectionskrankh 47 41, 1904 

40 Tuttle, G H A Case of General Streptothrix Infection, with a Study of 
the Micro-Orgamsm Med S. Surg Rep Presbyterian Hosp , N Y , 1904 

41 Butterfield EE A Case of Pulmonary Infection with an Acid Fast 
\ctmom^ces, J Infect Dis 2 421, 1905 

42 Bridge, N Pulinonart Streptothncosis, Contr Med and Biol Res 1 337, 
1919 

43 Potron M , and Thery, G Pyodermatomveose provoquee par un “Nocar- 
dia, Ret med de Test 45 159 and 198, 1913 

44 Steele and Lee, R I A Case of Infection w'lth Nocardia, Boston M & 

5 J 169 502, 1913 footnote 11 

45 Datis, D J An Acid Fast Streptothrix (Nocardia), Chicago Path Soc 
9 177, 1913-1915 Da\is and Garcia, O Experimental Study of a Pathogenic 
\cid Fast Actmom\cetc (Nocardia), Arch Dermat S. Syph 7 1 (Jan) 1923 

46 Pijper \ Nocardiosis — Case of Bronchitis from Nocardia, M J S 

Africa 12 141 1916-1917 

47 Cliristopherson J B , and Archibald, R G Primary Nocardiosis of the 
Lacrimal Gland Lancet 2 847, 1918 

48 1 inch, F , and Jessup, DSD Streptothrix Infection of the Lung, 
Proc New \ork Path Soc 18 72, 1918 

49 Ltans, AC A Streptothrix (Nocardia) Infection of Cows Udders, 
J Infect Dis 23 373, 1918 

50 Gin, A\ II Nocardiosis Cutis Resembling Sporotrichosis, Arch Dermat 
N Siph 2 137 (Aug) 1920 

51 Glaser, E , and Hart, C Leber Lungenstreptotrichose, Ztschr f khn 
Med 90 294 1921 


(Fooliiotcs conliijucd on follozoing page) 



PAGE—STREPl OTHRTX BRONCHOPREUMONIA 131 

REPORT OF A CASE 

Histoiv — An Irish chauffeur, aged 41, complained of hemoptysis for eight 
months, without associated pain in the chest During childhood, he had measles 
and whooping cough Thirteen months before admission, the patient had 
a rather severe lobar pneumonia on the right side, and three months later a 
productive cough developed and persisted A month later, he began suddenly to 
have a severe pain in the right side of the chest, associated with slight fever and 
a more violent cough Within two or three days, the pain ceased, but the cough 
persisted The patient then noticed streaks of blood in the sputum which had 
formerly been yellow Four months later, a sudden severe hemorrhage occurred, 
with the loss of a pint or more of blood It was believed at another hospital that 
he had an abscess of the lung After a nine weeks’ stay at the hospital, the 
patient had recovered sufficiently to return to work One year after the onset of 
his trouble he had another severe hemorrhage which caused his admission to 
the New York Hospital During his stay, a continuous hemoptysis was in 
progress After two days m the hospital he had another severe hemorrhage 
during which he died 

Physical E\aminaiioii — The patient was well developed but showed a slight 
loss of weight (the average weight was 180 pounds [81 6 Kg ] and the present 
weight 160 pounds [72 6 Kg]), rested comfortably, was slightly dyspneic and 
sweated profusely The mucous membranes and nail beds were dusky and cyanotic 

The respiration was fast and shallow expansion was about equal on both 
sides The heart apex was in the fifth interspace, 11 cm from the midline, the 
rate was 130 beats per minute and the action was regular without any abnormal 
sounds The resonance was definitelj impaired over the anterior lower two thirds 
of the right side of the chest The breath sounds had a poor vesicular quality 
especially anteriorly over the right side of the chest The voice sounds were 
unchanged A few scattered rales were heard, especially in the right axilla A 
friction rub was heard m the right posterior axillary line toward the lower lobe 
Unfortunately, the chest could not be given a thorough examination, because of 
the almost continuous hemoptysis 

An indefinite superficial mass was felt in the upper left quadrant of the 
abdomen, with associated spasm and tenderness 

The nails were rather markedly clubbed The examination otherwise did not 
re\eal anj^ thing pertinent 

The temperature was variable, with sharp drops and raises ranging from 
100 to 105 F The pulse rate closely paralleled the variations of the temperature 
The respiration averaged 44 breaths per minute The blood pressure was llS 
systolic and 87 diastolic 

52 Lenchart/, H Ueber Lungenstreptotrichose, Deutches Arch f khn Med 
136 129, 1921 

53 Henrici, A T , and Gardner, EL A Case of Pulmonary Infection with 
a new Species of Acid Fast Actinomycosis, Minnesota Med 4 443, 1921 , foot- 
note 12 

54 lacono, C Contriboto alia conoscenza della pseudo tuberculosis broncho 
pulmonari dovute a funghi del germe Nocardia, Riforma med 38 1181, 1922 

55 Callender, G R, and Coupal, J F An Unusual Case of Nocardiosis, 
J Infect Dis 30 601, 1922 

56 Gougerot, H Tuberculoses et Nocardoses, Presse med 33 1121, 1925 

57 Levy, M D Pulmonary Streptothncosis, Texas State J M 22 683, 1927 
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Labor at or\ Eravtmatwa —The: red blood cells numbered 4,880,000, the white 
blood cells numbered 11 200 fZS per cent neutrophils, 19 per cent lymphocvtes, 
3 per cent mononuclears) and the hemoglobin content was 70 per cent The Was- 
c(_nTiann reaction was negatiee The urine showed a marked trace of albumin and 
^uuar and an occasional In aline cast The blood urea nitrogen was 174 mg per 
hundred cubic centimeters 

The sputum was profuse, had a foul fecal odor and was blood stained and 
watcrj Acid fast bacilli were not found on repeated examination One clump 
oi irrcgularh thickened branching gram-positn e organisms were found 

Autops\ — The heart weighed 330 Gm , but was of normal si7e and shape On 
the anterior surface of the right Aentricle about 1 cm from the tricuspid valve 
was a small cavitv 4 mm in diameter filled with greenish jellow purulent 
material The endocardium valves and coronarv vessels were normal A round 
mass similar to a thrombus was seen King in the lumen of the right ventricle 
The center oi this mass was occupied bv Strcpiothriv The pericardial cavitv 
contained a moderate amount of turbid serous fluid 

The right lung weighed 1 075 Gm Scattered over the surface were numerous 
deep gravish-blue areas m which vellow patches were seen These areas appeared 
to be consolidated On section, the larger part of the cut surface was found to 
be occupied bv gravish granular consolidated masses which in most instances 
•'howed central necrosis At numerous places in these masses of consolidation 
were central cavities filled with greenish-black, foul smelling material Other 
masses presented innumerable small vellow ish-grav foci scattered through a 
rcddish-grav consolidated matrix These lesions were most advanced in the lower 
lobe The upper part of the lower lobe contained a cavitv about the size of a 
walnut the inner surface was deep red and at one place a medium sized vessel 
was eroded This erosion mav reasonablv be assumed to represent the source 
oi the hemoptvsis Tne cavitv communicated with a bronchus The mucosa of 
the bronchi was deeplv injected and covered with a grav ish-brown mucoid 
material The leit lung weighed 675 Gm Lesions similar to those in the right 
lung but not so advanced were present throughout the left lung 

The peritoneal cavitv did not contain an excess of fluid Opposite the umbilicus 
and about 10 cm to the left of the midline, the parietal peritoneum showed an 
indistinctlv circumscribed bluish-red discoloration In the wall of this region a 
large ab^cess filled with thin brow nish-grav material was found This purulent 
material extended into the neighboring muscles forming fistulous tracts extending 
irom the costal margin to the inguinal ligament 

The liver v cighed 2 425 Gm it was normal in shape On section, the normal 
markings were distinct There was some passive congestion The biliarv svstem 
was apparentlv normal 

The spleen v eighed 2a0 Gm was verv soft and the normal markings on section 
were lound to be ob'^cure The larger part of the cut surface was of a pale 
pink color alternating with deep red areas apparentlv the seat of large 
hemorrhages 

The gastro-intestmal tract and the pancreas were normal 
The leit kidncv vveighd 2a0 Gm the right 200 Gm Nothing of importance 
was found in the examination oi the kidnevs The pelvis and ureters did not 
show anv gross lcsion« The bladder and genitals were normal 
The aorta showed moderate sclerosis 

Histologic Evaunnalioii — ^Thc abscess showed the central gravish-blue granular 
masses of Streptotimx surrounded bv a zone ot marked infiltration with polv- 
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morphonuclear Ieukoc 3 ^tes and plasma cells and rather extensive necrosis of the 
myocardium surrounding the cavity Some of the muscle cells were filled with 
fat This abscess is shown m figure 1 

Histologically, the yellowish-gray foci were found to represent abscesses in 
the lungs, showing a central, finely granular, grayish-blue mass, surrounded by 
a diffuse plasma and invasion by polymorphonuclear leukocytes The walls of 
the blood vessels were often involved in the cellular exudation thus leading one 
to suspect that they might have been involved m the genesis of infected thrombi 



Fig 1 — Abscess of the mycardium caused by Sti eptollutx, which is seen as 
dense matted material in the center surrounded and infiltrated uith polymorpho- 
nuclear leukocytes and plasma cells 

The bluish granular mass was gram-positive and was identified by culture as 
Sti eptothm At numerous places small bronchioles were found to contain a 
marked cellular exudate with the central bluish granular mass of Sticptothnx 
One vessel contained a mural thrombus In large areas the alveoli were filled 
with blood and m some places the resulting picture was that of hemorrhagic 
infarction In certain portions the alveoli were filled with a homogenous pink 
staining material Areas of consolidation with exudation of polymorphonuclear 
leukocytes and fibrin were present The red and white blood cells were for the 
most part well preserved Figure 2 shows one of the areas invaded b\ 
Sfi cptothiix 
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Except lor the abscess ni the abdominal wall, which was alrnost identical in 
‘•tructure with those described in the mjocardium the histologic examination did 
not re\eal more of importance 

Baitt) wloq\ — The organism was isolated on 2 per cent glucose agar Branch- 
ing lupine with tapering ends were seen m such cultures The organism was 
partnll\ acid-fast and was gram-positne UnfortunateK, injections into animals 
were not made The classification and isolation were carried out hr Dr Wheeler 
I igure 3 shows the gram-stained Stt cplothrix m the mjocardium 



f >S - — Miscess of the lung caused b\ Su cpioihux The dense, deeph staii ed 
nnterial is Sti cplothin 


COMMENT 

1 hough streptothncosis doseh simulated tuberculosis clinically, 
there was little in the gross or microscopic changes to cause confusion 
\s in most cases of this disease nothing was ascertained concerning the 
manner in which the infection was obtained Clinicalh one w^as 
impressed in this case w ith the relatu el\ acute course associated w ith an 
almost continuous hemoptttis Pathological!} the condition was both 
^ggr<-ssite and progressne, and it was characterized by the production of 
micotic abscesses from which arose metastases These abscesses 
appeared to be iniasue localh In direct extension 
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St) eptothux asseits itself in the most piotean form and the most 
vaiied locations — at times ni the hi am, at times m the lung and again in 
the peritoneal cavity Hence, the symptoms depend on the location of 
the infection In general, however, they consist of suppuration and 
inflammation The localized formation of an abscess is the lule 
Metastatic abscesses often occui m diverse parts of the body — the mvo- 



Fig 3 — Gram stain of Sticpiothit\, as seen m the myocardium, X 1680 

caidium, the abdomen and the walls of the chest are common sites The 
infection seems to be subacute oi acute more often than chronic The 
pulmonary cases usually simulate tuberculosis oi pneumonia with either 
abscess oi empyema In the biain, the symptoms and signs are those of 
tumor or abscess 

The conditions from which Stiepfothnx infection must be commonly 
differentiated are tuberculosis, pneumonia meningitis, actinomycosis, 
gumma and glanders The only reasonably certain method of differentia- 
tion IS the isolation and culture of Streptothux, and its classification as 
to morphology, cultural chaiacteis and staining reactions, and usually its 
pathogenicity m guinea-pigs oi labbits 
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Sf! cptothi IX infections offer difficulties for both the patient and the 
ph} sician The prognosis seems to be gra\ e in tlie majority of cases 
Treatment tvith potassium iodide and autogenous Taccines has been 
tried w ith little success The treatment so far is s} mptomatic with the 
application of such surgical and medical procedures as are indicated b^ 
the location and the extent of the disease 



Book Reviews 


Innere Sekretion Ihre Ph\siologie, Pathologie und Klinik Von Dr 

Julius Bauer Price, 39 marks Pp 479, with index and 56 illustrations 

Berlin Julius Springer, 1927 

Dr Bauer intended this monograph on endocrinology to be different from 
the usual monographs, and he has in part succeeded In the preface he admits 
the present plethora of monographs on internal secretion, but despite their 
number, easy reference is still made to endocrine causes of almost all unknown 
or unexplained clinical symptoms and, as Dr Bauer remarks, when disease 
of one endocrine organ does not seem sufficient to explain the phenomenon, 
the pluriglandular explanation, or direct disturbances due to lack of balance 
beU\ een the different endocrine glands is employed 

The author’s point of view is made clear by the following quotation from 
the preface “If we are to arrive at a true understanding not only of the 
interrelations of the endocrine organs but of the relation of the endocrine 
organs to normal and pathological processes, we must study these organs, not 
alone from the point of view of experimental ph 3 ^siology and pathological 
anatoinj’’, but also from the point of view of more general biological correla- 
tions We must consider their relation to the individual personality, to the 
individual constitution and to the geno-tj'^pe Many disturbances of the internal 
secretion are not, as most investigators seem to assume today, the cause of 
pathological processes which we obser\e in patients, but they are themselves 
consequences of wider disturbances of a general tvpe, that is, disturbances 
that may be called primary anomalies of the constitution Without thorough 
understanding of ‘constitution-pathologie,’ and the facts and theories of heredity 
real understanding of endocrinology is impossible ” This point of viewf is 
maintained throughout the monograph and particularly in the last chapter 
which is entitled “The Relation of Internal Secretion to the Pathology of the 
Organism as a Whole as w'ell as to the Pathology of Special Organs,” and in 
the final supplement entitled “The Relation of the Internal Secretions to the 
Constitutional Habitus of Man ” 

The monograph is to be regarded as a serious contribution to medical 
science There is undoubtedly an important element of truth in the author’s 
point of view', but at present one may question whether the introduction of 
such concepts as geno-t 3 'pe, personality and heredity w'lthout further analysis 
of the mechanisms of these processes does not contribute more fog than 
clarit 3 ' to an already difficult field The author show's familiarity both with 
the experimental and clinical literature, and, in most cases, good critical 
judgment in the evaluation of this literature For example, he sa 3 s (page 183) 
“Organotherapy by mouth has so far proved successful only in the case of 
the thyroid gland ” All experimentalists and critical practitioners will agree 
to that statement One is therefore greatly disappointed on turning a few 
pages to find that the author apparently accepts as proved the idea that the 
activity of such glands as the ovaries, testes and hypophysis can be increased 
by diathermy, that with increased protein in the diet the secretion of the 
th 3 'roid can be increased, that by the nonspecific protein therapy the activity 
of a number of the endocrine glands can be increased, that by sexual inter- 
course the hvpoplastic ovaries in w'omen can be improved, and that by the 
roentgen ray the activity of the ovaries and the hypophysis can be increased 
All of these claims have been made on the basis of experimental or clinical 
observations, they have also been contradicted by equally good men, none 
of these claims are proved, and some of them are almost disproved 

The author gives abundant references to the literature in all the chapters, 
but, curiously, in a short list of larger works on the endocrines at the end 
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of the work, the author cites thirtj’ German publications, but only two Italian, 
one English, one French and two American workers This may be all right 
m a book intended priinarilj for German biologists and clinicians, but it does 
not give a fair impression of the available and valuable monographs in the 
different languages On page 184, the author saj’^s “Up till the present it 
has not been possible to control or prevent the symptoms that follow impair- 
ment of the hypophysis, the ovaries, the testes or the adrenals through any 
method of organotherapy ” This statement has to be corrected in the case of 
the anterior lobe of the hvpophysis for Smith and Evans have recently shown 
that daily parenteral administration of fresh anterior lobe of the hypophysis 
IS able to overcome the symptoms of removing of the anterior lobe 

The present monograph will take its place with the best and the most sug- 
gestive, if not the most critical and conclusive in the field, in so far as it is 
possible for one man to write a standard work on this subject today 

Avitaminosen und Verwandte Krankheitszustande Herausgegeben von W 
Stepp and P Gvorgy Pp 817, with index, and 194 illustrations Berlin 
Julius Springer, 1927 

This extensive monograph is the joint work of nine authors, the greater 
part of the work, however, being contributed by Dr Stepp and Breslau and 
Dr Gyorgy of Heidelberg In the preface the editors remark that previous 
monographs on diseases resulting from vitamin deficiency have been written 
mainly by laboratory men and thus give primarily the points of view of the 
experimental physiologists and pathologists The present volume is intended 
to supplement previous efforts in that the material is presented and discussed 
essentially by clinicians, and mainly on the basis of clinical material Never- 
theless, the first 200 pages of the book deals primarily with experimental 
avitaminoJis These 200 pages are contributed by Dr Stepp of Breslau, who 
writes on the physiologic side, and Dr Kihn of Erlangen, who discusses the 
pathologic anatomy of avitaminosis The chapters by Dr Stepp are on the 
whole excellent summaries The same cannot be said of the chapters by 
Dr Kihn on the pathologic anatomy of experimental avitaminosis As an 
example, the author’s broad statement on page 162 regarding the pathologic 
anatomy of the alimentary canal in experimental avitaminosis — “The entire 
gastro-intestinal system shows the same changes, namely, extreme atrophy with 
tendency to necrosis of the mucosa ’’ “The intestinal rate is much 

decreased, the feces are held back, become concentrated and hard as stone ’’ 
"In all cases of experimental avitaminosis the alimentary tract becomes 
extremely atrophic ’’ These are unwarranted and extreme statements Such 
degree of pathology is not apparent, at least in the beginning of definite diseases 
resulting from vitamin deficiency in such animals as the dog, rat or pigeon 

Then follows a series of seven chapters by Dr Gyorgy of Heidelberg on 
Xerophthalmia, infantile tetany, osteomalacia, idiopathic tetany, scurvy, alimen- 
tary anemia m infants, and on the relation of vitamins to growth These 
subjects are treated on the whole in an excellent and critical manner Dr 
Gyorgy reaches the conclusion that infantile tetany is closely related to rickets 
and is primarily due to a deficiency of vitamin D rather than to any deficiency 
of the parathyroid glands He reaches the same conclusion regarding the 
etiology of osteomalacia and idiopathic tetany in adults There is a short 
chapter by Dr Salle of Berlin on scurvy in adults, a short chapter by Dr 
Nocht of Hamburg on the so-called ship beriberi, and short chapters on 
hunger edema by Dr Shittenhelm of Kiel, and on scurvy by Dr Fischer of 
Rostock The rest of the book comprises excellent chapters on beriberi by 
Dr Shimazono of Tokyo, and on pellagra by Dr Lavinder of New York 

A monograph of this size and varied authorship necessarily contains errors 
both of omission and commission For example, in the lengthy chapter on 
hunger edema by Shittenhelm (51 pages), the author leans toward the view 
that avitaminosis is the primarv cause of the disease, and he seems not to be 
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familiar with the work of Dr Kohman which shows that low protein in the diet is 
the essential cause of the malady Nevertheless, the work must be regarded 
as a serious and, on the whole, successful effort to summarize our present 
knowledge of the diseases caused by vitamin deficiency for the aid and direc- 
tion of the practicing physician Every internist who is capable of handling 
German may pursue the monograph with profit 

Introduction to the Study or Experimental MEDiaNE By Claude Bernard 
(Translated under the auspices of the General Educational Board, b}’’ 
Henry Copley Green, AM ), introduction by Laurence J Henderson New 
York The MacAIiIlan Company, 1927 

The translation of the book has rendered a real service to medicine by 
making it available to English readers The subject is one in which Claude 
Bernard is deeply interested His firm belief that the advancement of medicine 
was to be made in the laboratory is evident throughout Time has shown the 
correctness of his prediction 

It IS impossible in a review to give an adequate conception of the significance 
of the subject matter contained in this book Perhaps a better insight may 
be acquired by making some quotations 

In his discussion of the difference and interrelation between observation 
and experiment, he accepts Cuvier’s distinction “The observer listens to nature, 
the experimenter questions and forces her to unveil herself” 

"The art of investigation is the corner stone of all experimental science” 

“In the experimental sciences all progress is measured by improvement in 
the means of investigation ” 

“Experiment is an observation induced with the object of bringing to birth 
an idea ” 

“We must observe without any preconceived idea, the observer’s mind must 
be passive, that is, it must hold its peace, it listens to nature and writes at 
nature’s dictation ” 

“The results of an experiment must be noted by a mind stripped of hypothesis 
and preconceived ideas ” 

“We must never make an experiment to confirm our ideas but simply to 
control them ” 

“Genius is revealed in a delicate feeling which correctly forsees the laws 
of natural phenomena, but this we must never forget, that correctness of feeling 
and fertility of idea can be established and proved only by experiment ” 

Dr Henderson’s introduction is in full accord with the spirit of the book 
This volume can be read with profit by every active or prospective investigator 
in medicine 

The Normal Chest By Dk J A Myers Price, $3 50 Baltimore Williams 
& Wilkins Company, 1927 

This IS, so far as I know, the first satisfactory book on the normal chest 
Writers and teachers have usually avoided the subject for the excellent reason 
that it IS almost impossible to interest students in it In order to maintain 
interest one must write and teach about the normal and the abnormal chest 
in “their” contrasts with each other That is just what this book does, and 
thereby it maintains interest Some of the topics mentioned, despite the fact 
that they do not exist in the normal chest, are plural and pericardial adhesions, 
anemia, aneurjsm, angina pectoris, arhythmia, arteriosclerosis, hypertension, 
cavernous breathing, cardiac dilatation, convulsions, cyanosis, D’Espine’s sign, 
ectopia cordis, emphysema, fibrillation, Flint’s murmur, foreign bodies, friction 
sounds, exophthalmic goiter, heart block, heart murmurs, Hodgkin’s disease, 
kidney disease, migraine, mitral stenosis, pectoriloquy pericardial effusion, 
pleurisy, pneumonia, pneumonothorax, rales (thirteen references), rickets, 
sarcoma, synoepe, syphilis, tuberculosis (nineteen references) and many others 
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W’th In s v.hoih sensible aarnixtnre oi the diseases of the normal and the 
rbrormal chest, one can mahe an interesting and helpful booh as Dr iljers 
a^a I'liS coilaoorators haie core. 

Airo-'g tre most valuable chapters are those on the acoustics of auricular 
hDri'’ai.’on and percussion, on the ae\ elopmental anatom,, of the chest and the 
"oentgc'^ogram of the ronnal cnest 

dlmo- points v ith v hich I am not in agreement are the references to 
crrphiseria fa disease t.nich has not as ^ct am hnov.Ti physical signs v.hereb.. 
jt can De cistinguished from the conditions ex’sting in the “barrel chest 
iihout emph, sema) the remarhs about “impure heart sounds ’ on page 1-^8 and 
tne sections on that useless sumi.ai, cardiac percussion 

But as a vt^ole, tne Doo’' is excellent and it ma 3 be confidenth recommended 
to teachers and students of d.sease of the cnest 

Disn-SES o~ TEE Digestf-e Opg-iXS wtth Speci-iL Refeeexce to Thei? Dla.g- 
t.osis VO T'’E.-.T:rE'\T B,. Ch-'^’IesD Aapox Sc.D,MD Fourth edition, 
tho-Ougnh retisca Price. $11 Pp 927 v ith 17-t engra\ing5, 70 roentgeno- 
grams and 13 colored plates Pni'adelphia Lea £. Febiger, 1927 

On the p hole the boon is t eil outhned and complete Tne chapters on 
labo-atom tc^ts ard anah ses are goon The autnor s statements concerning 
tre ird cations for auoderal laeage fll^ pages) and its therapeutic results, 
and intestinal toxemia (chapter XXXIX) hoi\ever, are not generally accepted 
The chantc's on acute and chronic gastritis fXXII and XXIII) and gastro- 
cn‘eroo‘osjS and the s.nnptomatologj attacheo thereto seem a D,t overemphasized 
the light of nresent I'-ro’v ledge 
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THE SYNDROME OF MALIGNANT HYPERTENSION'- 

NORMAN M KEITH, MD 
HENRY P WAGENER, MD 

AND 

JAMES W KERNOHAN, MB 

ROCHESTER, MINN 

Three years ago, two of us (H P W and N M K ) ^ repoited a 
senes of cases of characteristic retinitis associated with marked hypei- 
tension and adequate lenal function The history and clinical data dif- 
fered from those usually noted in cases of chronic nephritis We then 
pointed out the serious prognostic import of this typical retinitis The 
term ''malignant hypertension'’ was applied to this clinical condition, 
apparently correctly, because in all of the fourteen cases so diagnosed, 
death occuried within from one to forty-four months Since then we 
have seen a large number of similar cases, in some of which moderate 
renal insufficiency had developed In the present communication, we 
wish to present the observations m eighty-one cases Forms of seveie 
hypertension without this retinal picture, while recognized as potentially 
malignant, are not included in this series Further data have been col- 
lected which show that this condition may occur even in childhood and 
that It may be superimposed on pievious geneial arteriosclerosis and on 
benign hypertension W e wish to emphasize that many of these patients 
were up and about and generally did not complain of severe discomfort, 
and yet the retinal changes wained the physician of the seriousness of 
the general pathologic process Detailed studies of the cai diovascular 
system have been made with special emphasis on the disturbances of 
retinal, cerebral, cardiac and renal functions The relative impairment 
of the functions of these various organs differed but, when correlated, 
indicated the widespread effects of the disease process In this paper, 
our object is to show the relationship of certain appaiently isolated signs 
and symptoms to a definite clinical and pathologic syndrome 

^’'From the Division of Medicine and the sections on Ophthalmology and 
Pathologic Anatomy, Mayo Clinic 

1 Wagner, H P , and Keith, N M Cases of Marked Hypertension. 
Adequate Renal Function and Neuroretimtis, Arch Int Med 34 374 (Sept 1 
1924 
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CLINICAL SYNDROME AND PHYSICAL MANIFESTATIONS 

Fort) -eight of the eight 3 ^-one patients were males and thirty-three, 
females The ages ranged from 9 to 64 years, the average being 42, but 
the majority of the patients were between 33 and 55 (fig 1) This age 
incidence is similar to that reported by Fahr ^ m cases of malignant 
sclerosis On examination, patients repoited the onset of symptoms 
from one month to six years previously These were naturally diverse , 
headache, geneial weakness and nervousness were the most common 
Visual disturbances were leported in forty-thiee cases Symptoms 
arising from actual organic lesions of the central nervous system were 
piesent in twenty-nine cases In five cases, the history and examination 



suggested tumor of the brain ^ When general convulsions occurred, the 
patient uas usually less than 40, while hemiplegia was most common in 
tliose more than 40 Loss of weight and strength was striking in nine- 

2 Fahr, T Nephrosclerosis, Deutsche Arch f khn Med 134 366, 1920 

3 Wagener and Woltman have found that the pressure of the cerebrospinal 
fluid was increased above the normal m several of these cases and that drainage 
bj lumbar puncture temporarily relieved certain cerebral symptoms The 
increased pressure of the spinal fluid in cases of hypertension has been 
mentioned previous!} by Volhard and Fahr (Die doppelseitegen hamatogen Nieren 
erkrankungen, Berlin, Julius Springer, 1918 Die Brightsche Nierenkrankheit 
Khnik, Pathologic und Atlas, Berlin, Julius Springer, 1914 Bailhart, Magmel 
and Saragea (Mesures de la pression artenelle retmienne et de la tension cephalo- 
rachidienne dans quelques cas d’h}i)ertension artenelle, Arch d mal du coeur 17 
289, 1924) and Bloclc and Oppenheimer (A Comparative Study of Intraspinal 
Pressure Blood Pressure and Intra-Ocular Tension, Arch Neurol & Psychiat 
11 444 [April] 1924) 
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teen cases, a loss of 75 pounds (34 Kg ) in six months occuned in one 
case There was a previous lecord of definite hypertension in forty- 
eight cases This had been known to the patients for varying periods of 
from a few weeks to ten years In foity-nine cases there was a history 
of dyspnea on exertion or of transient dependent edema The patients 
rarely complained of urinary symptoms, which usually consisted of slight 
or model ate nocturia In one patient who was under observation for 
ten years, a trace of albumin was usually present in the urine Albumin 
and casts had been known to be present pieviously in many cases, the 
history in one dating back seven years Uremic manifestations were 
extremely rare, and when coma occuned during the terminal picture. 
It was not typical of uremic states 

The general physical examination was particulaily directed to the 
cardiovascular system Clinical evidence of anemia was almost always 
absent On account of certain symptoms of hypersensitiveness and ner- 
vousness, the thyioid gland was always palpated, but diffuse or 
nodular enlaigements weie infrequent Evidence of paialysis was sought 
Paralysis of single nerves was raie, that of the facial nerve occurring 
twice and of the abducens, once Our criteiia as to the extent of 
peripheral arteriosclerosis and sclerosis of the arterioles ^ were the 
appearance of the tempoial and letinal aiteries and the palpable condition 
of the radial and brachial arteries The grade of scleiosis in the retinal 
arterioles, as evidenced by the degree of constriction and iriegularity in 
caliber, varied fiom mild to severe The sclerosis was marked in thirty- 
three cases In nine of these, the high degree of visible scleiosis was 
caused m part by the associated retinitis The amount of peripheral 
sclerosis varied from slight to extreme Marked sclerosis occuired in 
nineteen cases Evidence of aiterial thiombosis oi embolism in the limbs 
was not encountered In thirty-one cases there were objective symptoms 
of caidiac decompensation, the symptoms were mild in twenty-two and 
severe in nine Measurable cardiac enlaigement was noted m many cases, 
although in sixteen, distinct enlargement could not be demonstiated and 
m forty it was slight Extreme grades of enlargement were demonstrable 
in only six cases 

On auscultation, accentuation of the second aortic sound was obseived 
in sixty-seven cases and was the most usual abnoimal observation Car- 
diac murmurs occurred m thirty-three cases , in twenty-one of these the 
murmur was systolic in time and was heard most clearly over the base of 
the aorta, in nine cases, an apical systolic murmur was heard, in only 
three was there an aoitic diastolic murmur In one case there was seri- 
ous disturbance of cardiac rhythm, auricular fibrillation being present 

4 These terms are used m general throughout the paper, although it will 
be shown that, while varying degrees of sclerosis were found in some of the 
arteries, the condition in the arterioles is described more accurately by the term 
hypertrophy 
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KEITH ET AL —MALIGNANT HYPERTENSION 151 

At the time of examination, only one case did not show distinctly high 
blood pressure The patient was asthenic The systolic blood pressure 
on admission was 160 and the diastolic, 100 After a stay m the hospital 
the patient gamed in weight and the blood piessuie rose to 190 systolic 
and 110 diastolic In eighty cases the maximal systolic leading vaiied 
from 220 to 280 and the diastolic fiom 120 to 190 

With one exception, letinitis was piesent in all cases at eveiy exami- 
nation In one case, a typical but mild retinitis observed at the fiist 
examination completely subsided while the patient was under observation 
In the series the retinitis varied in giade from mild, with only slight 
papilledema and a few exudates and areas of hemorrhage, to severe, with 
as much as 6 diopters swelling of the optic disk, extensive edema of the 
retina, and many aieas of hemorihage and exudates of various types 
In more than half of the cases, the retinitis was of moderate severity 
with papilledema of less than 2 diopteis In ten cases, the swelling of 
the disks measured 3 or more diopters While forty-three of the patients 
complained of bluried vision, central vision was definitely reduced objec- 
tively in only half that number The impairment of vision seems to be 
associated with the spread of the edema into the macular region in the 
second stage of the letinitis In three cases, there was a definite uni- 
lateral central scotoma associated with edema in the macular region 
With recession of the edema and the appearance of a paitial macular 
star, the scotoma disappeared In one case right homonymous 
hemianopia, apparently due to a ceiebral vasculai accident but not 
associated with hemiplegia, was present In one case, vision in one eye 
was reduced to perception of light by extensive hemorrhage into the 
vitreous In most cases the vision was suipnsmgly good Detailed 
data are incorporated in table 1 

LABORATORY TESTS 

Certain laboratory tests were usually earned out as a routine The 
results are detailed in table 2 The absence of anemia suspected fiom 
the examination of the mucous membranes was confirmed in sixty-six 
cases If anemia was piesent, there was usually a histoiy of bleeding 
Epistaxis occurred in two cases, petechiae in two, uterine bleeding in 
two, hematuiia in five and in two cases, piofuse bleeding followed ton- 
sillectomy In one case in which anemia was present, therapeutic 
phlebotomy had recently been performed twice Hemoglobin was deter- 
mined by the Dare, carbon monoxide and acid-hematm methods Thus, 
the absence of clinical signs of anemia and negative laboratory evidence 

5 Osgoode, E E, and Haskins, HD A New Permanent Standard for 
Estimation of Hemoglobin by the Acid Hematin Method, J Biol Chem 57 107, 
1923 Palmer, W W The Colorimetric Determination of Hemoglobin, J Birl 
Chem 33 119, 1918 
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ARCHIVES OF lYTERXAL MEDICINE 


V t-c m sinking contrast to what one usuall} sees in advanced cases of 
chro nc glomeraionephntis A definite }nstor>^ of the characteristic mani- 
fest? lics of s}phihs nas not obtained in an\ case The Wasserraann 
test as carried out m se\ ent} -fi^ e of the eight} -one cases In only one 
of these v.as it positne, although in a second case the patient’s ph}sician 
haa reported a pretious posltl^e reaction and had instigated immediate 
intersne treatment Of the fi^e cases in which the test was not carried 
out, in one, necrops} did not reteal distinct etidence of syphilitic involve- 
ment The Wassermann test was also negatite in the spinal fluid in 
four cases Such ewdence indicates that s}philis is not important 
etiologicall} in the malignant form of h}pertension 

Electrocarcliograpluc tracings were taken in setenty cases Auricular 
fibrillation occurred in a single case and slurring of the Q R S waves 

V as present in three cases The onh other abnormality encountered w'as 
imersion of the T wate Significant imersion occurred in forty-four 
cases In tw o cases the T w ai es became negatl^ e between the first and 
second admission Thirt} of these fort} -four patients died wnthin a year,, 
confirming Willius’ obsenation ® of the prognostic significance of in\er- 
‘iion 0 f the T w a\ e (table 3 ) How e\ er, one must note that inversion of the 
T w a\ e w as not found in t\\ ent}' cases in w hich death occurred within a 
period of one } ear It is of interest that in ten cases in w Inch the T w’a\e 
\ as in\erted in all three leads, obtious cardiac decompensation occurred 
in only three The capillaries of the nail-fold w ere obser\ ed by G E 
Brov n, according to the Lombard technic, in ti\ent}'-one cases It soon 
became CMdent that abnormalities in the capillary blood flow occurred 
in man^ oi these ca.‘^cs, and this was, in rare instances, accompanied by 
‘Structural changes in the capillaries themsehes, the most important of 
V. inch was the definite tortuosity and contraction of the loops The most 
notalfle change in blood flow was to the fast, intermittent or spurting 
t}pe This V as noticeable in half of the cases (table 4) 

The extent of the renal injury was estimated by (1) the presence 
or absence of albuminuria and, vhen present, the amount, (2) the 
presence or absence of cylindruria and when present, the grade, (3) the 
e \cret on ot phenolsulphonphthalem , (4) the water output after 
the I atcr te't of \ olhard and Fahr ' (5) the range of specific gravity 

6 V lilpi- r A Observations of XegatAitj of the Final Ventricular 
T \Va c OI t],e Electrocardiogram, Am J M Sc 160 844, 1920, Electrocar- 
ri,ogr?rk '’nci Prognosis I Significant T Wa\e Xegatnitj in Isolated and 
C'^mimca Dc'uations of the Electrocardiogram, Arch Int iNIed 30 434 fOct ) 
VZZ 

7 of -'d Franz DiC doppelseitigen hamatogenen Xierenerkrankungen 
(B---iit^cnc Kr-nvhc.t), Ec-lm, Julius Springer, 1918 Volhard, Franz, and 
r-1 ^ K T Die Ericntsche Xierenl rani hat, Klinik, Pathologic und Atlas, 
Ec^In Tuh s Spnnsc^ 1914 
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following the water test and concentration test of Volhard and Fahr , 
(6) the determination of the concentration of urea in the blood, (7) the 
estimation of the concentration of creatinine in the blood , (8) the esti- 
mation of the concentration of uric acid in the blood, (9) the chloiide 
excretion during a control period and after intravenous injection of 10 
per cent sodium chloride solution, (10) the sodium benzoate test of 
Kingsbury and Swanson® and (11) the urea index, as advocated by 
Van Slyke ® The application of tests 9, 10 and 11 was limited to a few 
cases 

Albumin was graded from 0 to 3, cylmdruna was often absent and 
was present up to grade 4 From the standpoint of excretory efficiency 
of the kidney, renal function was estimated on the basis of the output of 
phenolsulphonphthalein, the variation in the specific gravity of the urine, 
the amount of water excreted under given conditions and the concentra- 
tion m the blood of urea, creatinine and uric acid On the basis of the 
foregoing tests, our cases at the time of initial examination fall into four 


Table 3 — Elect} ocm diogt ams with Altei atioiis m the T Wave 


Cases 


T wave inverted m lead I 14 

T wave inverted m leads I and II 18 

T wave inverted in leads II and III 2 

T wave inverted in leads I, II and III 10 


groups, normal and mild, moderate and severe renal insufficiency In 
twenty-one cases renal function was comparatively normal , in forty-six, 
insufficiency was mild, in seven, it was moderate and in seven, it was 
seveie. Of the cases in which it was severe, definite cardiac decompensa- 
tion was present in three (table 5) In two cases there was decreased 
specific gravity, associated with a high output of water (1,575 to 
1,770 cc ), a condition of hyposthenuria In four other cases, decreased 
specific gravity accompanied a good output In two cases in which the 
concentration was low, the water output was markedly reduced (from 
500 to 620 cc ) In five cases, there was a similar decrease in specific 
gravity with moderately reduced output In seven cases in which the 
sodium chloride test was carried out, six showed normal or slightly 
reduced concentration while one showed markedly diminished output 
The sodium benzoate test was carried out in a single case, and a normal 
result was obtained The urea index of Van Slyke ® was determined in 

8 Kingsbury, F B , and Swanson, W W The Synthesis and Elimination 
of Hippuric Aad in Nephritis A New Renal Function Test, Arch InL Med 
28 220 (Aug ) 1921 

9 Van Slyke, D D Urea Index Formula, personal communication to the 
authors Van Slyke, D D , and Cullen, G E A Permanent Preparation of 
Urease and Its Use in the Determination of Urea, J Biol Chem 19 211, 1914 
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The grade of retinal sclerosis appeared more marked than the actual grade present because of perivascular gliosis 
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three cases, being within noimal limits in two and moderately i educed m 
one It IS important to point out that in sixty cases the blood urea was 
40 mg 01 less , m only sixteen cases was the blood creatinine abnormall} 
high, langmg fiom 2 1 to 7 1 mg, and uiic acid, when estimated, was 
never found above 5 1 mg for each hundred cubic centimeters of blood 
The basal metabolic rate was determined in thirty-nine of the cases 
in the piesent senes In fouiteen the late was normal, varying between 
— 10 and -f- 10, and the thyioid gland on palpation was noimal In 
seventeen cases the late varied between -f 10 and -}-20, m thiee of 
these, small adenomas of the thyioid were present, but clinical symptoms 
of hyperthyroidism were not piesent In eight cases the late was 
between -|- 20 and -f- 40, and this mci eased late was maintained in the 
five in which a second estimation was made In this group of eight cases, 
adenomas of the thyioid weie piesent in two, but clinical evidence of 


T\bli 5 — Ratal Function at Tune Retinitis JVas Fust Obtavid 



Cases 

Phenol- 






Grouping sulphon 

Specific 

Water 

Blood 

Blood 


Approvi- 

phthalein, 

Gravity, 

Output, 

Urea, 

Creatinine, 


mate 

per Cent 

Range 

Cc 

Mg 

Mg 

Normal 

21 

45 to 75 

1 003 to 1 025 

1,100 or more 

Below 40 

Below 2 0 

Mild msufiiciencj 

46 (D* 

35 to 40 

1 003 to 1 020 

000 to 1,000 

35 to 40 

Below 2 0 

Moderate insufflcienci 

7(1)* 

20 to 35 

1 003 to 1 020 

600 to 800 

40 to 70 

17 to 3 2 

Severe insufflciencr 

7(3)* 

Belon 20 

Less than 

1 003 to 1 020 

Less than 500 

SO to 144 

21 to 71 


* Cases m ^liicb myocardial decompensation nas present 


hypei thyroidism could not be demonstiated Tins model ately mci eased 
metabolism in eight cases was appaiently not caused by a diseased 
thyroid This inciease in metabolism confiims the obseivations of 
Du Bois, Boas and Shapiro, and otheis 

THE DEVELOPMENT AND COURSE OE THE SYNDROME 

Two of the eighty-one patients had been examined five and ten yeai s 
pievious to the onset of retinitis for inmoi complaints, and hypertension 
01 othei abnoimal cardlo^ asculai lesions were not found Foui patients 
on previous examinations made within peiiods of three, five and seven 
years of admission revealed definite benign hypei tension, but no retinitis 
The longest lecoid of h}pei tension was thiiteen years, with retinitis 
typical of malignant hypertension demonstiable foi the last four years 

10 Peabody, F W , i\Ieyer, A, L, and DuBois, E F The Basal 
Metabolism of Patients with Cardiac and Renal Disease, Arch Int Med 
17 980 (June) 1916 Boas, E P , and Shapiro, S Diastolic Hypertension whh 
Increased Basal Metabolic Rate, J A M A 84 1558 (May 23) 1925 Boothby, 
W M, and Sandiford, Irene Laboratory Manual of the Technic of Basal 
Metabolic Rate Determinations, Philadelphia W B Saunders Company, 1920 
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oi the patient’s life Such obsenations suggest that serious uncontrolled 
hypertension may de\elop primarily m persons whose cardlo^ ascular 
s) stems had preA louslj been normal and secondai ily in others who have 
pre\iously sufifered from hypertension and general dififuse aiterio- 
sclerosis 

We have endea\ored to keep in contact, by periodic examinations or 
by letter, with these eighty-one patients from the time that malignant 
hjpertension was diagnosed Fifteen of the patients returned for further 
examinations Three of these died in Rochester It was from the data 
collected in these fifteen cases that we are able to trace the course of the 
disease As we noted preiiously, the cases group themseh’'es into the 
cerebral, cardiac, renal and combined types 

Cochal Type — A typical example of this group (case 69, tables 1 
and 2) was followed for a peiiod of forty-four months from the time the 
diagnosis of malignant hypertension was made During the first two 
rears of our obsei ration, the woman had attacks of numbness in the left 
arm and leg, with mild distuibance of speech Later, weakness and 
numbness of the light leg were manifested Two weeks before death, 
she had anothei apoplectic stroke, as the i esult of which death occurred 
in coma Four months before death, renal function was practically 
normal 

Caidiac Type — In four cases, marked caidiac insufficiency developed 
In three cases it was manifested by severe respiiatory distress, chronic 
passne congestion of the abdominal viscera and dependent edema In 
one case the disturbance of cardiac function was shown by attacks of 
pulmonary edema and nocturnal attacks of Cheyme-Stokes respiration 
In all of these cases theie rvas slight renal insufficiency which was prob- 
ably caused by chionic passive congestion and renal arteriosclerosis 
Before the teimination of the disease stupoi and coma intervened, but 
the ceiebral manifestations were not typical of those seen m the so-called 
urcmic states 

Renal Type — In three cases serere renal insufficiency developed 
between the lime of the fiist and second examinations Tavo of these 
patients died aa hile under obserA^ation in the hospital , the third died one 
month after leaiing the hospital The maximal blood urea was 152 mg , 
the maximal blood creatinine, 9 mg , and the minimal phenolsulphon- 
phthalein excretion 10 pei cent With these three cases should be con- 
sidered tAAO in AAhich seAeie lenal insufficiency’^ Avas present at the time of 
the first admission Death occiiired in the hospital, the blood urea being 
101 and 144 mg and the creatinine 4 5 and 7 1 mg , the clinical picture was 
similar (table 6) The important feature m these five cases is the mild 
anemia, or absence of anemia, even though the renal insufficiency was of 
a scAcre grade This is explained by the short duration of the renal 



Table 6 — Studies of Renal Function in Fifteen Cases in IPhich Tlicie IVcic Two oi j\Ioie Admissions to the Hospital 
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insufficienq, which is in maiked contiast to the extent of renal insuf- 
fienc} and secondary anemia seen m the last stage of chionic glomeiu- 
lonephiitis 

From the couise and terminal pictuie of this S 3 ndiome ive haie 
abundant evidence that death is not due to the failure of any Mtal organ 
but to a severe widespread disease 

Combined Type — Case 65 (table 1) is a typical example of this 
gioup A man, aged 46, was fiist examined in June, 1925 Foi three 
yeais, the blood piessuie had been elevated, he had been neivous and 
slightl) dizzy at times and had sufteied fiom fiequent occipital head- 
ache Foi five weeks befoie examination, vision in the light eye had 
been pool 

On examination, the patient seemed nerxous and slightly appiehen- 
sue He was large and apparently healthy, w^eighing 182 pounds 
(82 7 Kg) The peripheral aitenes iveie appaiently scleiosed 
(^graded 1) The heart w^as model ately enlaiged, measuring 3 5 cm to 
the light and 13 5 cm to the left Definite tachycaidia was piesent, 
but no muimurs or othei abnormal heart sounds w'eie lieaid Dyspnea, 
edema and anemia w^ere not present The systolic blood piessure was 
240 and the diastolic, 145 The Wasseimann test with the blood was 
negatne The electrocardiogiain showed mveision of the T wave m lead 
1 The basal metabolic late was -fi 7 and -f 15 on two occasions The 
thyroid gland w^as not definitely abnormal Ophthalmoscopic examination 
show^ed edema of the disk and letina, which ivas moie seveie in the light 
eye, apparent sclerosis (giaded 3) of the letmal aiteiies, scattered 
hemoiihagic areas and cotton-wool and punctate exudates The mine 
contained albumin (graded 1 ) and an occasional h} aline cast The phenol- 
sulphonphthalein output w^as 45 pei cent in tivo hours and the Avatei 
output 1,055 cc m four hours The specific giavity of the urine vaiied 
fiom 1 003 to 1 025 In the blood, the uiea wfas 28 mg , cieatmine, 
14 mg, and uiic acid. 3 4 mg foi each hundred cubic centimeteis 
Here, then, was a case characterized by high blood piessuie, absence of 
anemia, good cardiac function (except foi the inverted T 'wa.^e m lead 1) 
and practically normal lenal function, m wdnch the retinal changes indi- 
cated a serious prognosis While the patient was in the hospital, the 
blood pressure was i educed after a therapeutic bath to 200 systolic and 
110 diastolic and, after ingestion of sodium nitiite, to 160 and 110. 
lespectively After two weeks of tieatment, hoAvever, the s}Stohc blood 
pressuie was still 230 and the diastolic, 130 

Thirteen months later, the patient was admitted foi the second time 
He had been able to carry on his ^voik dm mg the intei veiling penod, 
but was in much the same condition as on Ins fiist admission, both as to 
symptoms and physical condition The systolic blood piessure was 240 
and the diastolic, 150 The condition of the letina was unchanged, but 
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llie clectrocaidiogram was negatne The blood count was not changed 
The basal metabolic rate was + 14 and + 20 on two occasions The 
blood pressure fell after a hot bath to 220 systolic and 120 diastolic, and 
after the ingestion of sodium nitrite to 175 and 120, i espectively , it 
nas not aftected by phenobaibital There was a tiace of albumin but 
no casts in the urine, the specific graMty langed from 1 002 to 1 030, 
the water output was delayed fOSS cc ) , the blood urea was fiom 34 to 
43 mg and the blood cieatinme, fiom 1 7 to 2 5 mg foi each hundred 
cubic centimeters Summarizing, the blood piessure was high and 
unchanged, the letinal pictuie was the same, no abnormality was dis- 
closed b} the electiocaidiogiam , slight lenal insufficiency was indicated 
by the leAel of the blood urea and by diminished^ output of water 
Although piactically theie had not been any change in the patient’s gen- 
eral condition during the year, the retinal changes still made us feel that 
the piognosis nas giave 

Five weeks latei, m September, 1926, the patient was admitted to the 
hospital foi the third time For three weeks, he had been sufifermg 
fiom nausea and vomiting At the time of examination he was nervous 
The systolic blood piessuie was 220 and the diastolic, 140 Anemia was 
not present The edema of the disks and retina was slightly increased, 
<md a number of fiesh cotton- wool exudates and hemorrhagic areas were 
piesent Theie was definite evidence of seiious lenal insufficiency, the 
blood 111 ea being 85 mg , the creatinine, 3 1 mg , and the phenolsulphon- 
phthalem excietion, 25 pei cent While the patient was m the hospital, 
the renal insufficiency became more marked and at times attacks of pul- 
monar} edema occuried One month later, m October, 1926, the patient 
died, caidiac and renal failuie being the immediate cause of death He 
had been delirious and comatose for forty-eight hours before death 
The blood uiea had iisen to 108 mg and the creatinine, to 6 8 mg 
Permission for necropsy was not obtained 

This patient had known of the presence of hypertension for approxi- 
mate!} four \eais It is certain that the malignant type of hypertension 
had been present for sixteen months , yet it is significant that for thirteen 
of the sixteen months he enjoyed comparatively good health Then 
rapid leiidl, cardiac and cerebral failure occurred, indicating the termina- 
tion of a diftuse pathologic process 

Of the eight patients in this senes who died in Rochester, the terminal 
illness vas of the combined type m five, ceiebial m two, and cardiac 
111 one 

H\ PERTENSION 

The degree of h}pertension was studied in each patient m the hos- 
pital AA e obser\ed the reaction of the heightened blood piessuie to rest 
m bed, hot baths and the periodic use of sodium nitrite, phenobarbital 
and t}phoid laccme Aftei these measures, there was usually a tern- 
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poiaiy fall of blood piessure The actual minimal blood pressure 
obtained in this senes was 140 S 3 ^stolic and 60 diastolic, following the 
ingestion of sodium nitiite After phenobarbital was given, the minimal 
figuies weie 150 and 95 , aftei a hot bath, 140 and 85, and aftei typhoid 
vaccine, 170 and 100 The lule m these cases was that the blood piessuie 
continued at a high level despite the tempoiaiy falls On admission, the 
diastolic blood piessuie in seventy-two cases was above 120 mm On 
dismissal, the diastolic piessuie in forty-six cases still continued to he 
above 120 mm That it is neaily impossible to lowei the blood piessuie 
peimanently m these cases by oui piesent theiapeutic methods is cleaily 
shown by the fact that, m foity-two of the piesent senes, diastolic pies- 
suie was never i educed by any measuies below 110 mm 

THE RETINA 

The retinitis is graded 1 to 4 on the basis of the amount of papilledema, the 
degree and extent of the retinal edema, the number of cotton-wool exudates and 
hemorrhagic areas and, in the later stages, the number and extent of exudates 
associated with absorbing edema, and the completeness and density of the 
macular star 

The grade of the retinitis refers to the severity of the retinal lesions A 
retinitis of any grade has a definite course of development from onset to resolu- 
tion, winch is independent of its severity This course is divided into four stages 
by definite differences in the appearance of the retinal lesions, the dividing lines 
of which, it IS true, are not absolutely differentiated Detailed data m each 
case are included m table 1 

A more detailed description of the ophthalmoscopic and histologic features 
of the retinitis of malignant hypertension with a discussion of its clinical signifi- 
cance was presented as a thesis to the American Ophthalmological Society and 
will be found in the transactions of the society for 1927 

The type of the letimtis and not its severity is chai actenstic of this 
gioup of cases Edema of the disks is a sti iking feature in all the cases 
and is often disproportionate to the other letmal changes All grades 
of the letimtis, fiom the mildest to the most severe, run a characteristic 
course which may be divided into foui stages In the first stage, 
h)^peremia and mild edema of the disk and peripapillary letma, with a 
few supeificial hemoiihagic aieas and cotton-wool exudates, are present 
In the second stage, the edema of the disk and letina becomes more 
marked and spieads into the maculai region and periphery, the 
hyperemia continues, the hemorihagic aieas and cotton- wool exudates 
become more numerous and aie found faithei away fioni the disk and 

11 The sclerosis of the retinal arterioles is graded 1 to 4 on the basis of the 
degree of constriction in caliber, of increased brightness of the reflex stripe, of 
the seventy of the compression at the arteriovenous crossings, and particularly 
of the frequency and the extent of localized irregularities in the lumen of the 
arterioles 
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in the deeper la\ers of the retina as Avell, a few punctate exudates aie 
seen In the third stage, the edema begins to recede from the peripheral 
part of the retina, and small spots of proliferated pigment are seen in its 
stead Punctate exudates begin to outnumber the cotton-wool exudates, 
and arrange themseh es into imperfect star figures in the macular region 
The hemorrhagic areas are relatively fewer and are, in the main, more 
peripheralh situated The h}peremia of the disks is less eiident and 
ma\ gradually fade As the retinitis progresses through these stages 
the associated sclerosis of the retinal aiterioles becomes more marked 
due partially to perivascular thickening and gliosis caused by edema of 
the surrounding retina In the fourth stage, the disk has become defin- 
iteh pale and onh blurring and increased glial tissue remain as evidence 
of the previous edema ( secondary atroph} ) Definite pernascular thick- 

ening along the walls of many of the vessels, the veins as well as the 
arteries is seen Atrophy has replaced edema of the retina, and onh a 
tew residual small punctate exudates may remain, usually in the macular 
region Spots of proliferated pigment are numerous, especially in the 
macula and peripher} Patchy sclerosis of the choroidal arteries is 
noticeable An occasional small hemorrhagic area may be present (figs 
2 and 3) 

It is difficult to estimate the duration of the various stages of the 
letinitis, as w'e ha\e not been able to follow any one case continuouslv 
through all stages On the basis of subjective visual complaints, the 
retinitis had existed for an aAcrage of four months in the cases observed 
in the second stage In those in wdiich the retinitis w^as in the third 
stage It had existed for an average of six and a half months The 
retinitis in one patient had progressed from the first to the second stage 
b} the end of four months In another it had progressed from the 
‘-econd to the third stage b} the end of two and a half months, and in 
one from the first to the third stage by the end of one year In two 
cases in which at first obser\ation the retinitis w^as in the second stage, 
It had ad\anced to the thud stage a jear later In one case, the retinitis 
had progressed from the thud to the fourth stage after eleven months 
Apparent!} the first stage is the shortest or has the least eftect on vision, 
patients haMng been seen in whom the retinitis was definitely in the 
second stage one week after the onset of visual disturbances The third 
stage IS the longest and the most frequently observed In one case, the 
retinitis was still m the third stage at least forty months afer the onset 
In the case manifesting the most definite fourth-stage retinitis, the dis- 
ease had started aliout three } ears preA loush 

In sixteen cases it A\as possible to obserAe the couise of the retinitis 
at interAals for a considerable period In six cases the retinitis 
progressed in stages but maintained about the same grade of seA^erit} 
during the period of obserAation In six other cases the retinitis 
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progressed in both stage and grade The scleiosis of the arterioles espe- 
ciall} showed a definite tendencj to inciease in grade The retinitis 
regressed in only four cases One mild case of retinitis subsided com- 
pletely before the patient’s death, and left only vascular residuals 
Typical fourth-stage retinitis with secondary optic atrophy was seen in 
only one case , cerebral decompression had been performed elsewhere for 
suspected tumor of the brain Whether this operation was a factor in 
accelerating the resolution of the retinitis is difficult to say It is inter- 
esting in this connection, however, to recall that Cushing and Bordley 
think that increased intracranial pressuie, with resultant increased fluid 
pressure in the mtervaginal spaces of the sheath of the optic nerve, is a 
factor in causing the edema of the disk and retina in the retinitis of 
nephritis Three cases of typical letinitis and model ate to severe 
sclerosis of the retinal arteiioles had been obseived from two to six years 
previously, at which time the mild arterial change was the only abnor- 
maht}' in the retina In two cases m which mild retinitis of the type of 
benign hypertension had once been observed, retinitis of malignant 
hypertension was found later 

PROGNOSIS 

The seriousness of this disease is shown by the fact that of the 
eighty-one patients, seventy-four (91 per cent) died within fifty-one 
months, the majority within two )^ears Only five patients lived two 
years or longer The aveiage length of life after diagnosis was eight 
months Our data concerning the terminal illness is somewhat meager 
sixty-six patients died at home, and the physicians recorded only the 
chief cause of death A few, however, described the course of events, 
y\ Inch was similar to that in the eight cases we had observed 

PATHOLOGIC DATA 

A postmortem examination was made in seven cases Four of these 
examinations were fairly complete, two only partially so, and one was 
carried out elsewhere, only sections of the kidney being sent for micio- 
scopic examination The detailed changes noted grossly and micro- 
scopicall)" are gn en in the tables The following description is a summary 
of the pathologic data in cases 26, 32, 37, 45, 66, 80 and 81 (table 7) 

The gross changes are reall}’^ not characteristic, and only a few weie 
constant throughout Edema may be absent but when present varies 
much as to site and extent The heart is always hypertrophied, but the 
degi ee is not constant , in the cases in which there is a long history of 
In pel tension there is usually a high degree of cardiac hypertrophy, while, 

12 Cusliing, Hanej' and Bordley, James Subtemporal Decompression in 
1 Case of Chronic Nephritis vith Uremia, vith Especial Consideration of the 
Neuroretinal Lesion, Am J JI Sc 136 484, 1908 
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when the history is shoit, the hypertioph} is of lessei degiee Coionary 
scleiosis IS usiiall)'’ graded 2 and apparently is not dependent on the car- 
diac hypeitiophy or on the age of the patient Sclerosis of the aoita also 
A^aiies in degree in difteient cases, the a\eiage being slight!} less than 
grade 2 There is nothing constant about the changes in the kidneys, 
although they usually show evidences of arteiioscleiosis , sometimes they 



Fig 4 (case 81) — Arteries from various organs 1, kidiie}^ 2, skeletal 
muscle, 3, retina, 4, brain, 5, choroid, 6, subarachnoid vessels 

are atiophic and shuinken, but more often the combined weight is only 
slightly less than noimal In the four cases in which the brain was 
examined, definite evidence of artei losclerosis was present The vessels 
in the subaiachnoid space and in the cncle of Wilhs as a lule show mild 
scleiosis In the coronal sections of the biain, multiple areas of soften- 
ing weie seen, whethei these softened aieas aie due to minute hemor- 
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ihages or snnph to occlusion of \essels is difficult to detennine 
Occasional!} a se^ere hemorrhage uas encountered ^hich had caused 
definite clinical s}mptoms and possibh' ^^as the immediate cause of death 
In the microscopic studies of the tissues there are se^eral important 
leatuies the most outstanding are the diftuseness of the lesions and the 
deforce of imohement of the smaller arteries and arterioles, while the 

o 

larger arteiies and the capillaries are comparatnel} free from change 
( fig 4) The changes in the arterioles are different from those obser\ed 
in the arteries of old persons there is more marked h}perplasia of the 
mtima and h}pertroph} of the media and internal elastic lamina (fig 5) 
in contrast to the degeneratne changes in senile arteriosclerosis uith 



1 5 — Small arter\ of kidne\ showing thickened media, h} pertroph}’’ and 

splitting up of internal elastic lamina Narrowing ot lumen and pernascular 
filirosis AA eigert’s clastic tissue stain , X 60 

their deposits of lipoids tatt} acid and calcium in the mtima and frag- 
mentation but little h} pertroph} of the internal elastic lamina Again in 
senile arteiiosclerosis the smaller arteries and arterioles do not manifest 
the extensne intimal Inperplasia and the marked narrowing of the lumina 
which lb so definite in these cases of malignant hypertension Pernas- 
cular fibrosis of yar\ing degrees of intensit}* is present Sometimes 
fibinsis IS diffuse throughout the organ, while in the brain the diminution 
of the blood supply causes softening and formation of cysts (fig 6) 
rather than gliosis These areas of softening in the brain are not limited 
to any one region but are usually scattered more or less diffusely through- 
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out the oigan, although they may be moie severe in one area than in 
others These collected aieas of softening vaiy in situation in difteient 
cases, but they are not paiticulaily evident in the flooi of the fourth 
ventricle or around the aqueductus cerebri, nor is the sclerosis of the 
aiterioles mote marked m these areas An interesting but unexplained 
observation is that the degree of vascular obstruction is much mildei in 
the retinal vessels (figs 7 and 8) than in the choroidal vessels (figs 7 
and 9) and also that it is less m the vessels of the sulrarachnoid space 
than m the vessels supplying the brain substance piopei Thus the 
retinal and subarachnoid vessels aie comparable in degree of sclerosis 
as are those of the choroid and the brain 



Fig 6 — Area of softening in the brain The small artery in the center is 
not occluded as a result of either sclerosis or thrombosis Hematoxylin and 
eosin , X 30 

Throughout the retina but especially around the disk and the 
macula, considerable numbers of homogenous masses that stain with 
eosin are piesent The laigei and more lecent ones seem to be m the 
superficial layers of the letina (fig 10), while the smaller, the more 
numerous and apparently the older ones are in the internuclear la}ei 
The smaller masses are m what appears to be different stages of absorp- 
tion (fig 7) , large phagocytic cells that contain fat are near them, some- 
times m the margin and sometimes within the mass, while in some areas 
little else but these fat cells can be seen (fig 11) The collections of 
these cells that contain fat suggest that complete phagocrtosis of previous 
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similar masses has taken place The hemorrhages ha\e a similar dis- 
tribution to the so-called exudates , large areas of recent hemorrhages are 
seen in the larers of ganglion cells and nerre fibers (fig 12), r\hile 
numerous small and older ones are present in the internuclear la\er 
The most important and constant feature of these cases is the extreme 
fiiffuseness of the lesion, not a single organ or tissue escapes, and eren 
the ressels of the gastro-intestmal tract and the skeletal muscles are 
equalh se\ ereh inr oh ed ( fig 4) Sometimes the kidner , the heart or 
the brain is more serereh injured but not an) organ escapes The 



hie 7 — Exudate in the internuclear lajer of the retina Different stages in 
tiic process oi alisorption can be seen The relatne sclerosis in the retinal and 
choroidal a-terioles should be noted Hematoxjhn and eosin, X 120 

kidnejs in e\er\ case show profound changes, all of rvhich can be 
attributed to the screre rascular injurr chief!} of the smaller arteries and 
artenolcs (fig lo) The capillaries are almost unaffected, except in the 
glomerular tufts where the nuclei are apparently more numerous The 
glomerular tufts themsehes show marked changes but the) are different 
from tho^e nb>erAed in glomerulonephritis Some glomeruli are com- 
plete!} fibrosed, others onh parth so, as the tuft mar be lobulated and 
one or ^creral lobules fibrosed and the others intact Some glomeruli 
are apparent!} normal and are e\ en h} pertrophied the onh change being 




Fig 8 — Arteriole and venule of the retina at the optic disk There is slight 
thickening of the walls of the arterioles, but it is of a minor degree compared 
^\lth choroidal arterioles The edema and the increase in glial tissue also should 
be noted Hematoxjdin and eosin , X 200 



Fig 9 — Arterioles of choroid showing thickening of walls, Inpertrophy of 
internal elastic lamina with almost complete occlusion of lumina Weigert’s 
elastic tissue stain , X 120 





Fig 11 — Complete replacement of exudates m the internuclear layer of the 
retina bj large clear “sca^enger’ cells Hematowlin and eosm X 225 








Pig 12 — Recent hemorrhage in the layer of nerve fibers of the retina 
Homogeneous exudate between retina and choroid Hematoxylin and eosin , 
X 100 



Fig 13— Small arteries and one arteriole of kidney Almost complete occlu- 
sion of lumen of the arteriole by the intimal and medial proliferation Arterial 
walls thickeoed The comparatively good glomerulus with some increase m the 
endothelial cells of the tuft should be noted Hematoxylin and eosin , X 200 
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an apparent increase in the endothelium of the capillaries Extensne 
interstitial fibiosis and destruction of some of the tubular epithelium, 
^\lth little eMdence anywheie of tiue inflammation, aie piesent All 
these changes can be attributed to the severe ischemia of the kidney 
and do not resemble any of the primaiy diffuse lenal lesions 

COMMENT 

Owing to the diffuse vasculai changes in this disease, the abnormal 
symptoms rvill necessai ily be varied, and these may or may not be typical 
of any chaiacteiistic syndiome associated with disease of a single organ 
\\ e haAe dwelt particularly on the symptoms arising from ceiebral and 
letinal lesions, and yet frequently these aie not especially noted by the 
patients themselves The leserve of cardiac muscle may be greatly 
reduced and }et symptoms leferable to a failing heart may be slight oi 
absent Typical s}mptoms due to renal disease are mfiequent, similarly, 
e\idence of angina pectoiis, intermittent claudication, and othei 
peiipheral aiteiial lesions are uncommon, anemia is laie The vague- 
ness of the s}mptoms and the paucity of physical defects make one 
wondei whether simply peisistent marked hypertension constitutes a 
serious disease , yet the course of these cases is truly malignant Careful 
consideiation ie\eals furthei objective signs, the most significant of 
which IS the letinal lesion the electiocaidiogiam often leveals disease 
of the imocaidium, renal tests may show minor functional defects, 
palpation may indicate diffuse sclerotic changes in the arteries, the 
ophthalmoscope may suggest similar changes in the retinal arterioles, 
and examination of the capillaries of the nail-fold reveals abnormal 
blood flou and e\en contraction and tortuosity The terminal picture is 
often obscure and stiikingly suggests simultaneous lapid failuie of the 
Altai functions of the biain, heart and kidney Our pathologic data 
confiiin the observations that this s}ndrome is associated with extiemely 
diffuse arteiial disease 

Allbutt,^^ JaneAvay and othei s have lepoited many cases of 
patients haAing benign hjpertension or hyperpiesia They followed the 
couise for se\eral jeais and have shown that these patients may live 
comfortably to old age Renal, cardiac, ceiebral and retinal functions 
lemain adequate Since the time of Biight,^^ diffuse vascular disease 

13 Allbutt T C An Address on Arteriosclerosis and the Kidneys, Brit 
M T 1 853 and 922, 1911 , Diseases of the A"teries, Including Angina Pectoris, 
Xcw York, The Macmillan Company, 1915, p 10 

14 Janewaa, T C Nephritic Hjpcrtension Clinical and Experimental 
Studies Am J M Sc 145 625, 1913 

15 Bright Richard Albuminous Urine of Four or Five Years Continuance, 
Death vith Coinulsions and \poplexA KidncAs Degenerated, Gua’s Hosp Rep 
1 358, 1836 
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has been recognized in association with chronic glomerulonephiitis Dis- 
tinctive features of this disease, besides hypei tension, aie anemia, se\ere 
renal insufficiency, retinitis and a progiessive downward course 
Malignant hypertension can be distinguished from the benign form by 
the persistently high blood pressuie and the lapid couise It may aiise 
apparently ipso facto, particularly in the young, but frequently it is a 
later stage of the benign type The couise in both malignant hyperten- 
sion and chionic glomerulonephiitis may be stoimy and rapidly fatal, 
but theie aie many dissimilar features Anemia and lenal insufficiency 
that are so characteristic m the one may be absent in the othei We 
believe that the retinitis can often be differentiated In malignant hyper- 
tension the edema of the letina is less extensive and less dense, and there 
IS little tendency to the formation of penpapillaiy snow-bank exudates 
Edematous detachment of the retina was seen in only one case in the 
present senes The hyperemia of the disk is in marked contiast to the 
anemia of the disk and the letina that is seen in the retinitis of nephiitis 
Sclerosis of the letinal arterioles is alwa3^s present in malignant hyper- 
tension and IS usually absent m chronic nephritis It is interesting that 
as long ago as 1884, Michel recognized the serious prognostic import 
of retinitis in cases of chionic nephritis Some of his patients m all 
probability had malignant hypertension, though the cases weie not so 
differentiated by him A definite relationship is not evident between the 
seventy of the retinitis of malignant hypei tension and the degiee of 
impairment of renal function Severe retinitis occuis with adequate 
renal function and without retention of urea Howevei, retention of 
urea is more often present when the retinitis is severe than when it is 
moderate We belieie that theie are patients who have potentially 
malignant hypertension m whom retinal arteriosclerosis alone is evident 
or m whom aitenosclerosis with hemorrhages and exudates is piesent, 
but no edema of the disk In the piesent series, however, only the cases 
m which definite papilledema was evident are included 

In the development of chionic glomei ulonephritis, the kidney is 
severely injured and impairment of lenal function occurs early Hyper- 
tension de^elops gradually, and vascular fibrosis may be a late manifesta- 
tion This is particularly true m the retinal arterioles On the other 
hand, at the onset of malignant hypei tension, leiial impaiiment may be 
difficult to demonstiate and develops only m the teimmal stages, while 
changes m the aiteiioles appear eaily, especially m the letina Thus, 
m malignant hypertension the renal involvement appeals to be secondary 
to vascular lesions which are common to many viscera Moi cover, 
chronic glomerulonephiitis usually occuis m the second or third decade, 
while malignant hypei tension develops m the fouith decade This fact 

16 Michel, J Lehrbuch der Augenheilkunde, Wiesbaden, J F Bergmann, 
1884 
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^\a 5 pointed out b} Fahr and b\ Ellis and IMarrack Further evi- 
dence 1 “^ aFo present that \ascular changes ma} occur in the apparenth 
normal person and that other \ascular diseases are prone to develop 
m the fifth decade, Broivn^® has pointed out that distinct changes in 
tlic capillaries of the nail-folds max occur in normal persons betxxeen 
the ages ot -tO and 50 and that thrombo-angntis obliterans occurs most 
ireqtienth between the ages of 30 and 50 

One of the earliest microscopic studies of tins condition x\as tliat of 
Gull and Sutton in 1872 They described an arteriocapillaiy- fibrosis 
xxhich the\ thought was allied to senile alteration The} also pointed 
out the diffuseness of the xascular lesion and demonstrated a similar 
thickening in the xessels of the subarachnoid space and in the kidnexs 
Their idea of the capillarx imolvement has not been universally sub- 
stantiated but the diffuseness of the lesion of tlie arterioles is exen 
more extensixe than thex described Demonstrable morphologic 
changes in actixeh functioning capillaries of the nail-folds haxe been 
dioxxn to be infrequent This is in harmon} xxith the absence of gen- 
eral inxolxement of tlie capillaries in the tissues examined histologically 
In 1914 ^'olhard and Fahr described the condition of “malignant 
sclerosis or “bosartig hxpertension , this condition is analogous, but 
u>uallx ot a somexxhat later stage to that which we are describing 
under malignant hx pertension ” Thex stress the thickening of the 
xxalls ot the arterioles and the smaller arteries of the kidney wdnch 
leads to ischemia of that organ and subsequent parench} matous changes 
The} tound and emphasized the serious prognostic import of retin- 
itis Thex considered the pathologic changes in the retina to be due 
to primarx ischemia of the arterioles as they are in the kidney 

One outstanding fact m this series of cases is the diffuse change 
m the arterioles This is xisible in the retina during life and in the 
tissues generallx on histologic examination The detailed microscopic 
changes m the xxall of tlie arteiiole include a thickemng or Inpertroph} 
of Its three anatomic dixisions The noticeable thickening of the mtima 
and the hxpertroph} of the elastic fibers and media make a distinct 
picture The almost total absence of signs of degeneration is in con- 

17 Eiiis A \\ and Marrack J R An Inx estigation ot Renal Function 
m Patients witli Retinitis and High Blood Pressure, Lancet 1 891 1923 

IS Brown G E Capillarx Obserxations in Cardioxascular Renal Disease, 
Ann Chn Med 1 69 1922 Brown G E and Allen, E V Thrombo- Angiitis 
Obliterans unpublished data Brown G E, and Roth Grace AI Biomicroscopx 
of the Suriace Capillaries in Xormal and Pathologic Subject^ AI J Australia 
I ^99, 1927 

19 Gull M and Sutton H G On the Pathologx of the Morbid State 
Commonh Called ‘Chronic Bright’s Disease with Contracted Kidnex ” Tr 
Medico-Qiir Sne London 55 273 1872 
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tiast to the man} evidences of degeneration in the arteries in cases 
of senile aiteiiosclerosis This lesion of the arteiiole suggests h}per- 
troph} which, if steadil}'’ progiessive, would ultimatel} lead to occlusion 
of the lumen of the aiteriole Such occlusions are sometimes found 
This IS strong evidence in favoi of the ischemia hypothesis of Volhaid, 
which offeis a logical explanation for the diffuse paienchymatous lesions 
found m this s}ndrome 

The association of sustained maiked hypei tension with diffuse 
change m the arteiioles raises the question whether h}pei tension or the 
lesion of the arteriole is primaiy So much evidence of h}pertroph} 
in the wall of the arteriole suggests hypertioph} m the face of exces- 
sive strain This interpretation would mean that the change in the 
arteriole is secondary to the hypertension If on the other hand the 
diffuse lesion of the arteriole is primary, sustained hypertension might 
result on account of increased peripheral lesistance Our experience 
would lead us to consider the hypertension primary but fuithei stud} 
in the eaily stages of the disease will be necessai} to decide the question 

There have been seveial contributions in which an endeavor has 
been made to find the primary cause of the hypertension Boidley and 
Baker attempted to explain it on the grounds of sclerosis of the 
arterioles of the medulla oblongata, their work being based on some 
experimental results of Anrep and Starling,-^ who demonstrated cer- 
tain definite changes m the general blood piessure that were due to 
alterations in the blood pressure in the vessels to the medulla Oui 
histologic studies have not shown more marked changes in the arterioles 
in the medulla than elsewhere in the brain Numeious contiibutions 
on benign or essential h}pertension have been made, including the 
woiks of Huchard,-- Allbutt, Janeway Shaw and Fishberg but 
m general, no serious attempt has been made to distinguish the malig- 
nant from the benign t}pe 

The h} pertrophied state of the aiterioles suggests that the normal 
effect of vasoconstriction has been aggravated, generalized and made 
more or less permanent Whether this phenomenon is due to stimula- 
tion of the endings of the sympathetic nen’-es by pressor substances in 

20 Bordlej, J, and Baker, B iNI Consideration of Arteriosclerosis of the 
Cerebral Vessels and Pathogenesis of H^ pertension , Prehminar\ Report Bull 
Johns Hopkins Hosp 38 320 1926 

21 Anrep, G V, and Starling, E H Central and Reflex Regulation of the 
Circulation, Proc R 03 Soc Med 97 series B, 463, 1925 Starling, E H The 
Physiological Factors of Hyperpiesia, Brit M J 2 1163, 1925 

22 Huchard, H L’arterio-sclerose Presse med 61 769, 1909 

23 Shaw, H B Hiperpiesia and Hyperpiesis (Hypertension) London, 
Frovde, Hodder and Stoughton 1922, p 191 

24 Fishberg, A M Anatomic Findings in Essential H^ pertension, Arch 
Int Med 35 650 (May) 1925 
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the circulating blood, to the direct effect of such substances on the 
musculature of the arter} or to some more general disturbance of the 
sympathetic ner\ous system is a problem that not only is difficult of 
solution, but that also is of general importance m the etiology of hyper- 
tensne ^ascular disease 

SUMMARY 

In cases of sustained high blood pressure and diffuse change in the 
arterioles, the course of the disease is usually rapidly fatal The ter- 
minal clinical picture suggests simultaneous lapid functional failuie of 
the brain, heart and kidneys This hypertension syndrome can often 
be distinguished from benign hy’^pertension and chronic glomerulo- 
nephritis The chief points of distinction fiom the latter are the age 
incidence, the characteristic retinal picture, the absence of anemia, and 
the frequent adequac}’^ of lenal excretion The cliaiactenstic histologic 
observaton is diffuse geneial hy pertrophy’^ of the arterioles 

EXPLANATIOX OF TABLES 

Tables 1 and 2 contain the history^ and the physical and laboiatory 
obsenations in each case, in tabulated form, and the gross and micro- 
scopic pathologic observations in seven cases are given m table 7 

PATHOLOGIC DA.TA 

C >=f 1 (case 66 table 7) — Edema (graded 2) was present in the lower 
eMrcmities and to a lesser degree (graded 1) in the upper extremities, the pen- 
tone il and pleural caiities \\ere free from gross change but the pericardial cavity 
contained 50 cc of clear strau -colored fluid The heart neighed 838 Gm the 
caviti ot the left ^entrlclc nas small, and antemortem thrombus nas present in 
the right auricular appendix Se%eral depressed nhitish fibrotic areas nere 
present in the nail of the Icit aentncle each measuring 1 cm in diameter The 
nails of both aentncles ncre definitely h\pertrophied, the left being 2 5 cm 
and the right 1 3 cm thick ^^'ell marked arteriosclerosis (graded 3) and 
thickening of the nails of the coronara arteries nere present, but the lumina 
ncre patent throughout Slight edema a\as present m the right lung but the 
lett did not shon a gross lesion The spleen aveighed 261 Gm and the liver, 
1,735 Gm , chronic passu e congestion avas present in both Definite edema 
(graded 2 -l) ?nd congestion of the mucosa of the stomach and the small 
intestine aaere present 

The left kidnea aaeighed 160 Gm and the right, 142 Gm The surface of the 
left kidnea a\as umformla granular, aaith mana minute bleeding points On 
section the cortical markings aaere indistinct, and the line of demarcation 
beta’ cen the medulla and cortex aaas irregular and indistinct On the surface 
ot the right k’dnea aaere ceacral prominent cortical scars, the largest of avhich 
vas 1 cm in diameter the pelais aaas dilated (graded 2+) and many sub- 
cpithehal punctate areas of hemorrhage aaere present Otheraaise, the right 
kidnea resembled the left 


25 The estimated normal aa eight of the heart for a female of this age, height 
and aa eight aaas 350 Gm 



KEITH ET AL —MALIGN ANT HYPERTENSION 179 

Arteriosclerosis of the aorta (graded 3) was present, with extensive ulceration 
of the descending thoracic aorta and calcification of the abdominal portion The 
ostia of the celiac and superior mesenteric arteries were partial!} occluded 

The brain showed atrophy (graded 2) of the convolutions with wndening of 
the sulci and increase in the amount of the cerebrospinal fluid in the subarachnoid 
spaces Arteriosclerosis (graded 3) of the vessels in the circle of Willis and 
of their branches was present After fixation, the brain was cut by coronal 
sections at 1 cm intervals Fresh hemorrhage (a mass 2 cm in diameter) was 
evident at the level of the postcentral gj'rus near the corpus callosum in the 
corona radiata There were also many small areas of softening m the midbrain 
in the region of the medial lemnisci and pons These areas were rust-colored 
and diffuse With a hand lens, the smaller vessels in this portion of the brain 
were seen to be prominent, having apparently thickened walls and narrowed 
lumma , multiple minute areas of softening were scattered diffusely throughout, 
especially m the nuclei of the cerebellum 

Microscopically, changes were noted in the kidneys, especially in their smaller 
arteries and arterioles The arterial iumina were diminished, and the walls were 
hypertrophied or thickened This thickening was of a peculiar nature there 
was evidence of hyperplasia of the intima and accompanying this were hyper- 
trophy and splitting up of the internal elastic lamina, as is usually seen in 
arteriosclerotic changes However, hypertrophy of the muscular tissue of the 
media as well as an increase of the fibrous tissue in and around the adventitia 
was also evident In the arterioles there was disproportion of the normal rela- 
tionship between the thickness of the walls and the lumma of the vessels, the 
lumen in many vessels being almost completely, or wholly, obliterated A 
varying degree of perwascular fibrosis occurred Most of the capillaries 
appeared normal, with only occasionally slight hyperplasia of the endothelium 
or fibrosis around them The capillary tufts of the glomeruli showed an increase 
in the number of nuclei, while the tufts in some places were adherent to each 
other, thus causing a lobulated appearance m many instances Besides these 
evidences of vascular disease in the kidneys, other changes were present through- 
out the parenchyma Some glomeruli showed changes, being completely hyalin- 
ized, others were only partly h 3 ’^ahnized, but many were normal These changes 
were different from the crescent formation and the other changes characteristic 
of glomerulonephritis The tubules were also affected to a lesser degree In 
some places they were irregularly dilated, with flattening of the epithelium, and 
the lumen contained hyaline casts or cell debris , in other places, they were 
collapsed and obliterated Throughout the entire kidney, there was marked 
interstitial fibrosis in the midst of which was abundant evidence of destroyed 
tubular epithelium There were also some discrete masses of lymphocytes A 
scharlach R stain revealed the presence of a small amount of fat in the epithelium 
of some tubules and in the intima of a few arterioles, but not in the glomeruli 

The arteries in the spleen showed marked thickening of the media and 
adventitia The internal elastic lamina was h 3 'pertrophied and in many places 
split up, and a minor degree of hyperplasia of the intima was present The 
external elastic lamina was also hypertrophied and split up The arterioles 
showed slight adventitial fibrosis and the internal elastic lamina was hyper- 
trophied and split, as in the arteries, the external elastic lamina was hyper- 
trophied and divided into many fine la 3 '^ers of elastic tissue Between these two 
elastic laminae, the media appeared to be composed of fibnnohyahnoid tissue 
rather than of true muscle tissue Intimal proliferation could occasionally be 
observed, and some medial hyperplasia was seen Little reticular fibrosis was 
present 
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Throughout the parencliMua of the pancreas there was mild interstitial 
fibrosis, but the islands apparently were unaffected The arteries and arterioles 
showed changes similar to those seen in the kidneys, but less marked Certain 
small -vessels, as m the kidne}', showed a change with hypertroph> and splitting 
up of the internal elastic lamina and fibrosis of the adventitia Occasional!} 
slight thickening could be seen m certain capillaries, but the majorit} of these 
■vessels were free from any appreciable change 

Tlie arteries m the liver were considerably thickened and showed changes 
similar m degree to those in the pancreas , the arterioles were affected to a like 
extent, the media manifested muscular hypertrophy and an excessive amount 
of fibrous tissue was present in the adventitia The elastic tissue was hyper- 
trophied, and the intima was hyperplastic The sinusoids were dilated but 
hbrosis was absent, with the exception of that already mentioned 

The vasa vasorum of the aorta had definitely thickened walls , the elastic 
tissue was slightly hypertrophied, the mtima was increased in thickness, and 
excess fat was present m this coat The coronary arteries showed slight 
arteriosclerotic changes similar to those seen in patients of this age, but the 
arterioles of the myocardium had thickened walls and narrowed lumma, although 
to a much less degree than those m the kidneys Many of the individual fibrils 
of the m}ocardium were hypertrophied to several times their normal size but 
were free from fat, diffuse fibrosis was seen throughout the muscular tissue, 
which m places was completely replaced by dense bands of fibrous tissue The 
capillary walls were not; fibrosed or thickened 

The aiteries and arterioles of the lung were slightly involved m this general 
change but less than m most other organs and, as elsewhere, the capillaries 
appeared to be almost free A considerable number of the so-called heart 
failure cells were present in some of the alveoli Few arterioles were seen in 
the suprarenals, but the ones that were present had thickened walls and narrowed 
lumma Several were obstructed by the presence of antemortem thrombi, but 
showed early canalization 

The vessels m the brain were less affected than those of other organs Those 
m the subarachnoid space were undoubtedly thickened but to a much less degree 
than those of the kidneys The ratio of vessel wall to lumen m the arteries was 
almost normal In the arterioles the walls were slightly thickened, but splitting 
of the internal elastic lamina was not observed The intima was hyperplastic, 
the media did not show hypertrophy, and there was slight perivascular fibrosis 
and thickening of the adventitia In the brain tissue proper, the same changes 
existed, except that occasionally an arteriole was encountered with definite general 
thickening of its walls The smallest arterioles showed slight intimal hyper- 
plasia It v\as difficult to determine whether these small vessels were arterioles 
or capillaries The capillaries showed a slight increase m the number of nuclei 
in their vails, but other appreciable change could not be distinguished Vessels 
from different areas of the brain were examined (fourth ventricle, midbrain 
basal nuclei and various places m the cortex), and these observations vere 
consistent throughout Areas of hemorrhage and numerous small areas of 
softening contained considerable amounts of blood pigment with numerous 
‘scavenger” cells, and the vessels supphmg some of these areas seemed to be 
parti} occluded by proliferation 

In the eye the choroidal vessels were definitely thickened, and the lumma 
uas narrowed sometimes even as much as in the renal vessels Proliferation of 
the mtima was present The media was h}pertrophied, and perivascular fibrosis 
was present Occasionally an arteriole was encountered m which the lumen was 
completelv occluded bv the intimal proliferation (fig 14) In the retinal 



Fig 14 — Complete occlusion of one of the choroidal arterioles and a prolifera- 
tion of the retinal pigment epithelium between the choroid and the retina 
Hematoxylin and eosin , X 175 



Fig 15 —Collection of cytoid bodies in the layer of nerve fibers of the retina 
Hematoxylin and eosin, X 150 
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irtenes the thickening \\as not, as a rule, due to excessne intimal changes but 
to ghosis around the vessel combined with slight medial hjpertroplw The 
internal elastic lamina vas hj'pertrophied The arterioles had thickened walls, 
due apparenth to a medial rather than to an mtimal change The adventitia 
was surrounded bv an excessive number of delicate fibrils which streamed off 
into the surrounding tissue As m the brain, the capillaries showed a slight 
increase m the number of nuclei distributed along their w^alls Surrounding 
the optic disk was a mass of homogeneous eosm-stainmg substance"® between the 
retina and the choroid Small collections of a similar substance w'ere seen at 
various places in the retina, they w'ere most numerous in the mternuclear lajer, 
but also w^ere present in the inner molecular layer and even m the laj^er of 
ganglion cells Large fresh hemorrhages w^ere abundant, involving the layer 



Fig 16 — Small choroidal artery filled with large clear cells, probably due to 
proliferation and degeneration of the lining endothelial cells Slight exudate 
between retina and choroid Hematoxylin and eosin, XlSO 

ot ner\e fibers, the laver of ganglion cells and the inner molecular layer, but 
thej W'ere also observed to penetrate all the la}'ers of the retina, while minute 
hemorrhages were abundant in the mternuclear layer and not so common else- 
where There was evidence of glial proliferation throughout the retina, this 
was most marked in the region of the optic disk, where definite thickening was 
noted w ith an excessiv'e number of glial cells as well as signs of edema, evi- 
denced bv widening of the spaces between the fibrils Occasionally large masses 
of “cvtoid bodies” (fig 15) were encountered In the mternuclear layer, large 

26 Older authors on this subject have used the word “exudate” to designate 
this substance In view of the uncertainty m regard to its true nature or origin, 
we have been impelled to avoid this term m the histologic descriptions 
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foam}' cells were found (figs 7 and 11) In some spots, they were present 
around the eosm-stainmg substances already mentioned , m others, tliej seemed to 
be alone Some of the choroidal arteries (fig 16) contained a type of cell similar 
to those just noted m the retina, but it is impossible to explain the presence of such 
cells W'lthm the lumina of arteries, and in all probability the foamy cells within the 
arteries have a different origin They were probably proliferated, sw’ollen and 
degenerating endothelial cells, and as a matter of fact various stages of the 
process of their formation were present in different vessels It seems unlikely 
that these cells w'ere the result of postmortem changes, although this source of 
origin has to be considered 

Case 2 (case SO, table 7) — Emaciation (graded 2) was present, but edema 

and excess of fluid did not occur in any of the cavities of the body The 

heart weighed 496 Gm , the cavities were not dilated, but there w'as definite 
thickening of the ventricular walls (left, 2 cm and right, 0 5 cm ) The 

coronaries showed arteriosclerosis (graded 3), but they were not notably nar- 

rowed Early bilateral embolic pneumonia was present in both lungs The 
spleen, liver, pancreas, suprarenals and stomach did not show' notew'orthy lesions 
In the cecum and ascending colon, acute ulceration apparently limited to the 
mucosa was present The left kidney weighed 100 Gm and the right, 106 Gm 
After the capsules Avere stripped off, the kidneys had a granular surface W'lth 
scars, some of which measured 4 mm in diameter, and a few cysts 7 mm in 
diameter On section, the cortex was thin and the markings indistinct and 
irregular, w'hile there W'as an increase m peripelvic fat The right kidney 
contained a fresh infarct The brain showed slight atrophy of the frontal con- 
volutions, and the vessels of the circle of Willis were sclerosed (graded 3) , the 
basilar arteries were dilated and also sclerosed (graded 3) On section of the 
brain, numerous small areas of hemorrhage, the largest of W'hich was 1 5 cm 
in diameter, were found in many places There w'ere also numerous areas of 
softening, some having formed cavities or cysts , these areas w'ere smaller than 
those showing hemorrhage, the largest being 8 mm m diameter 

On microscopic examination, the arteries of the kidney had definitely thickened 
walls due parti}' to hyperplasia of the intima, ivith hypertroph}' and splitting up 
of the internal elastic lamina, and partly to hypertrophy of the medial muscular 
layer There rvas also an increased amount of connective tissue m and around 
the adventitia Many of the arterioles were almost completely obliterated, and 
some were occluded by intimal proliferation and definite hypertroph} of the 
media In others the occlusion was by no means complete, but m all, thickening 
of the walls was marked The capillaries showed little appreciable change, 
except those of the glomerular tufts, m ivhich apparent cellular proliferation 
was present J\Iany glomeruli were more or less completel} hyalinized, rvhile in 
others the tuft was lobulated and there were some adhesions to the capsule 
The capsule m some was thiclened by an excess of fibrous tissue Throughout 
the parenchyma interstitial fibrosis occurred Some of the tubules A\ere dilated 
to foim small cysts Here and there, small collections of lymphocytes were 
encountered 

The walls of the arteries in the spleen w'ere much thicker than normal, and 
the Ultima was Hyperplastic, w'hile the internal elastic lamina w'as greatly 
hypertrophied and split up The media was also ex'cessivel} thickened by a 
fibrous hyaline type of tissue Some of the aiterioles w'ere almost occluded by 

27 The estimated normal w'eight of the heart for a patient of this age, height 
and weight was 200 Gm 
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concentric hvperplasia ol the intimal cells, and some -were actuall}’^ obstructed 
The r\alls oi some of these arterioles were hjalmized Throughout the splenic 
pulp, moderate reticular fibrosis was present 

In the pancreas and Iner there was definite thickening of the walls of the 
arterioles but much less m the walls of the arteries 

In the small intestine, the arteries and arterioles of the submucous and 
muscular coats showed thickening of their walls In the cecum this thickening 
was more marked than, in the small intestine and its submucosa was thick and 
edematous, the mucosa was absent in manj places, and large numbers of poly- 
morphonuclear leukocjtes w-ere present, as w'ell as large masses of necrotic 
tissue 

There was a mild degree of sclerosis in the arteries and arterioles of the sub- 
arachnoid space, not comparable in any degree wuth those of the kidney or 
any' other organ examined In the brain parenchyma proper, the w'alls of most 
of the arterioles were definitely thickened, due mainly to intimal proliferation 
•\round some of the areas of softening, the arterioles were more or less 
obstructed by intimal proliferation In some of these softened areas, large 
masses of blood pigment, w'hich did not react to an iron stain, w^ere present 
With the blood pigment, large “scavenger” cells and edema w'ere present 

In the eye, the lumma of the choroidal vessels were narrowed and their walls 
were thickened, this change was mainly the result of hyperplasia of the intima, 
hut the media was also hypertrophied Some of the arteries and arterioles 
were apparently completely occluded In the lumina of certain arteries (fig 16), 
large clear cells were abundant, intermingled with endothelial and connective 
tissue cells, one such artery showed canalization In the retina the arterial 
change was much less marked than in the choroid, and the thickening was due 
mainly to hypertrophy of the media The mtima was only slightly changed 
Numerous small areas of hemorrhage and masses of homogeneous, eosin-staining 
substance were present m the internuclear layer Evidence of recent hemorrhage 
was occasionally seen m the layer of nerve fibers Around some of these eosin- 
staining masses, large “foamv” cells might be seen One large mass was present 
between the retina and the choroid at the entrance of one of the short posterior 
Clhar^ arteries Here and there, proliferation of the retinal pigment epithelium 
also was present (fig 14) 

Case 3 (case 81, table 7) — Slight edema (graded 1) of the ankles was 
present ascites wms not present, but the left pleural cavity contained 1,000 cc 
and tne right, 50 cc of clear straw-colored fluid, the pericardial cavity con- 
tamea 150 cc of similar fluid The heart was greatly hypertrophied, w'eighiiig 
870 Gm but it was not dilated , the left ventricular w'all measured 2 2 cm and 
the right, 06 cm Slight myocardial fibrosis and only slight sclerosis (graded 1) 
of the coronar^ arteries were present The spleen w'eighed 215 Gm and the 
liver, 2,116 Gm The colon contained multiple areas of petechial hemorrhage 
The left kidney weighed 165 Gm, and on removal of the capsule the surface 
was coarsely granular and congested On section, the cortex appeared narrow, 
but a few glomeruli could be seen grossly while the medullary markings were 
indistinct and irregular There was a definite increase in the penpelvic fat 
The right kidney was not examined Arteriosclerosis (graded 2) of the aorta 
was noted In the circle of Wilhs arteriosclerosis was pronounced (graded 3), 
and throughout the brain multiple small areas of softening were noted, but 


28 The estimated normal weight of the heart ot a patient of this age height 
and weight was 310 Gm 
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fresh hemorrhage was not evident These softened areas were most abundant 
in the left lenticular nucleus and also near the left optic radiations, but thej 
were also present throughout the cerebrum , thej were not so abundant in the 
cerebellum, and none were noted in the pons or medulla oblongata The 
posterior half of the right eye showed a considerable number of hemorrhagic 
areas, grayish exudates and apparent edema of the tissue around the optic disk 
Aficroscopically, the vessels of the kidneys showed profound change In the 
arteries all the three coats of the vessels were involved, particularly the intima 
and media The internal elastic lamina was also hypertrophied and thickened 
In some vessels in the intima and between the intima and media, there 
was a considerable amount of mucoid material The walls of the arterioles 
were thickened, and the lumina were obstructed more uniformly and completely 
than the arteries , this partial occlusion was mainly due to intimal hyperplasia, 
although some hj^pertrophy was also present in the media, and there was con- 
siderable fibrosis around the vessels The capillaries appeared normal, except 
in the glomeruli Throughout the kidney marked interstitial fibrosis was present, 
and many of the tubules were dilated and the epithelium flattened In many of 
the lumina were homogeneous, colloid-like casts In the midst of the fibrous 
tissue the remnants of numerous collapsed and shrunken tubules were noticed 
Some glomeruli were hyalmized, a few had thickened capsules but the remainder 
seemed to be hypertrophied , there was also an increase in the number of nuclei 
m the tuft 

Mild reticular fibrosis was present throughout the spleen, and the walls of 
the vessels were thickened but not to such an extent as in the kidney Intimal 
hyperplasia was seen, and the tissue immediately outside the intima was of a 
hyaline-like consistent , in the adventitia, there was moderate fibrosis 

Paitial fattj replacement (graded 2) of the pancreatic pulp was seen The 
walls of the arteries and arterioles were considerably thickened, while the capil- 
laries Avere free from any appreciable change 

The arteries of the liver showed well marked hypertrophy of the media and 
hyperplasia of the intima All the coats of the walls of the arterioles were 
thickened, but less so in the adventitia 

In the heart, muscle fibers A\ere hypertrophic and A\ere partiallj' replaced by 
connective tissue The media in its arteries was hj'pertrophied and the adven- 
titia also, to a slight extent, while the intima showed only slight hyperplastic 
change The arterioles were moderately affected, but the capillaries were free 
from any noticeable change 

In the aorta there was some calcification in the intima and media, but the 
most profound change was in the vasa vasorum, which m many places were 
almost occluded by the excessive hypertrophy of the media and hyperplasia of 
the intima Around some of these vasa vasorum, there were collections of 
lymphocytes The arterioles of the skeletal muscles showed hyperplasia of the 
Ultima as well as definite h}^pertrophy of the media and hypertrophi and splitting 
up of the internal elastic lamina 

The thyroid did not show signs of hvperactivity 

The intima in the basilar artery was thick, and areas of softening were 
present, while the media showed only mild hypertrophy The lumina of the 
choroidal arteries and arterioles were almost obliterated, partly by hypertrophv 
of the media but more particularly by hyperplasia of the intimal endothelium 
The internal elastic lamina w'as also hypertrophic and split In the retina the 
vessels were like the vessels of the subarachnoid, and there was hjpertropln of 
the media but little intimal change Some hvpertrophv of the internal elastic 
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Inmina also \\as present The capillaries seemed to be free from fibrosis Areas 
of hemorrhage nere present but were not numerous Eridence of larger recent 
hemorrhages uas noted m the lajers of nerve fibers and ganglion cells, while 
^mailer and older hemorrhagic areas were present m the internuclear larer 
Small masses of eosinophilic substance were also present m this larer, while a 
large mass was present in the larers of nerve fibers and ganglion cells 

The arteries and arterioles of the subarachnoid space showed hypertropin of 
the medial coat but little change could be found in the mtima or ad^entltla In 
the brain parencliMua proper, the vascular changes found in the arteries were 
similar to those of the subarachnoid space The arterioles of the brain tissue 
proper, on the other hand, show’ed proliferation of the intima and also hjper- 
tropln of the media The areas of softening w'ere characterized bj blood pig- 
ment, “scar eager cells,’ edema and necrosis 

C\sr 4 (case 37, table 7) — Edema (graded 1) wms present in the lower 
extremities, but other abnormal collections of fluid were not found in the upper 
extremities or carities of the body The heart weighed 400 Gm j’’’ the left 
\eiuricular wall was hr pertrophied A coronary sclerosis (graded 2) was 
present In the right lung, there were bronchitis and early bronchopneumonia 
Chronic passu e congestion was found m the liver, but the spleen, pancreas, 
vuprarcnals and gastro-intestinal tract w'cre without gross lesion The kidnejs 
weighed 135 Gm each Stripping the capsule rerealed a fine granular surface 
On section, the cut surface showed some pale areas Arteriosclerosis of the aorta 
was graded l-f- Blood was diffuselj present in the subarachnoid space, also in 
both lateral \entricles, especially in the left, this ventricular blood had evidentl> 
cmc from hemorrhage in the region of the left internal capsule, with destruction 
lit tissue of the brain Small areas of rust-colored softening, the largest of 
\\liieh was m the right thalamus, were present 

Microscopical!}, the arteries m the kidnejs show^ed thickening of their walls, 
in tlu intima and the inner portion of the media, hralmization was seen The 
w ills of the arterioles were thickened, and there was well marked mtimal 
probieration and hrpertroph} of the media, so that the lumina in man} places 
' tn almost occluded , in others, the lumen w’as obstructed and the w’alls 
iu ihiiized Some glomeruli appeared to be hypertrophied, wuth lobulation of 
their tutts and partial luahnization In others, there was an increase in the 
number of nuclei in the capillaries while some capsules W'ere thickened An 
occasional erst could be seen, but most of the tubules w'ere normal A few 
hralmc casts were seen in the loops of Henle Interstitial fibrosis was also 
Cl ident and "imall collections of Kmphoertes were seen 

Thickening of the walls of the coronar} arteries was seen, but the arterioles 
''bowed a more adranced change The m}Ocardial fibers were shghth 
inpertropnied 

In the pancreas there was marked h}ahmzation of the islands of Langerhans, 
so tint few normal islands remained The arterioles of the pancreas, Iner, 
spleen and niprarenals showed thickening and partial obstruction 

In the brain the walls of the arterioles showed h}pertroph} of the media, 
uhicli in some places was split and contained large fat cells, the intima was 
Inperpl^stic In some of the pernascular spaces, collections of “scarenger” cells 
were present In mam of the arterioles the media was h} pertrophied and the 
intima was Inperplastic so that the lumen appeared almost occluded Tins 

27 The estimated normal weight of the heart of a person of this age height 
and weight was 265 Gm 
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change ^\as present m all the sections exammed The capillaries did not shou 
an\- appreciable cliange Areas of softening were abundant and many ganglion 
cells shoved various stages of chroraatohsis 

C.-isc. a (case o2 table / ) — ^The bodj was obese (graded 3) and edema 
(graded 2) oi tiie lover extremities vas found Ascites and h\drothorax on 
ihe right (I OcO cc) were present but an estimation of the fluid m the pericardial 
cai it3 IS no^ on record The heart weighed 8/0 Gm ^ all the ca\ities were 
dilated and Iv'pertrophied tlie leit \entncle was 2 cm thick and the right, 
06 cm tiller Fibrosis (graded 3) of tlie myocardium was a marked feature 
on gross examination and there seemed to be incompetence of the mitral val\e, 
owing to stretclimg of tlie ring which measured 11 cm Mild sclerosis 
(graded 1) ot the coronaries was present The spleen and Iner were larger than 
normal Gross lesions were not observed in the gastro-intestinal tract or the 
pancreas ine left kidney weighed 150 Gra and the surface was roughly 
granular after the capsule had been stripped On section the cortex was thin 
and the markings were maistincc The right kioney w as similar to the left 

Microscopically the arteries of the kidne\s showed hypertrophy of the 
mecua, tlie intima was hyperplastic and there was hypertrophy and splitting up 
of the mtemal elastic lamma An excessne amount of fibrous tissue was present 
in the adventitia and also mimediately near it The arterioles were more imohed 
than tlie arteries the media was hypertrophic but the hyperplastic cliange of the 
Ultima was the outstandmg feature in many %essels m others it was the medial 
change. In some anenoies tliese processes had ad\'anced to the pomt of complete 
ocems on of the lumen Mam glomeruli were completely hyalmized while 
others w ere onh partly destroy eo In a large numoer tlie capsules w ere 
thickened Few tuoules were dilated but many were completely collapsed 
shrun<en or disintegrated 

Slight central necrosis was present n the Iner and m this organ die walls of 
the artenes and a-tenoles were tliickened 

In the heart tne media of tne coronary axtenes was hypertrophied the intima 
did not shov appreaaok change out tliere was increased fibrosis in and around 
tne ad\entit"'a Certam rrtenoles were almost occluded but otliers were patent 
around tne fo-mer tliere was ad\a-nceo fiprosis Some fibers were hypertrophied 
and many were seen to contain minute droplets of fat especially around tlie 
ni.dei out also elsewnere withm the fiber. 

Case 6 (case 26 table 7) — ^Edema was present OA’er the forearms and backs 
of tlie hands (graded 2’) and angles (graded H but there was not an excess of 
fluid m any of uie cavities of the Dooy The heart weighed 715 Gm and 
snov eo hypertrophy of tne Aentncuiar walls tne left Demg 2 cm thick and the 
nshu 06 cm thick Tne myocau-dium did not show gross norosis The 
coronanes v ere sclerosed (graded 2') Slight edema and congestion were 
present at tlie base of noth Iimgs The spleen liver pancreas suprarenals and 
gastro-mtestmal tract dio rot present notable lesions The k.dneys weighed 
97 Gm each and the surfaces were granixlar witli many small whiUsh nodules 
scattered o\er the surface as well as a few- small cysts containing dear yellowish 
flu d On section tlie cortexes v ere thinner than normal oeing 5 mm tnick ana 

39 Tne estimated normal weight of the heart of a person of this age height 
and weight was 370 Gm 

31 The estimated normal v'eight of tne heart of a person of this age height 
and weight was 270 Gm 
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the medullan markings \\ere irregular but fairly distinct Arteriosclerosis of 
the aorta uas graded 2 and a few discrete areas of calcification w'ere present 
in the abdominal portion Histologicalh, the arteries of the kidnevs showed 
marked change in the normal ratio of blood lessel w'all to lumen, the latter was 
constricted and the former thickened, due to hjpertrophj of the media and 
internal elastic lamina, which was split and contained the hyperplastic intima 
within its meshes In the ad\entitta, there was an increased amount of con- 
ncctne tissue which w'as also present around the vessel The arterioles show'ed 
changes similar m degree The capillaries w'ere free from an}' change in their 
walls, except in the glomerular tufts Some glomeruli w'ere hyalmized, but the 
majorit} appeared to be increased in size, m some there appeared to be an 
increase in the number of nuclei in the capillaries of the tufts Many tubules 
were dilated and contained hyaline or epithelial casts Interstitial fibrosis w'as 
present, while collections of lymphocjtes were rare The walls of the coronarj 
\essels W’ere not thickened, but the mvocardial fibers w'ere definitely hyper- 
trophied In the pancreas liver, spleen and lungs there were hypertrophic 
\ascular lesions invohing the arteries and arterioles but again the capillaries 
seemed to be free 

Casp 7 (case 45 table 7) — The necrops\ in this case w'as performed else- 
where, and we receued onh portions of the kidnevs for microscopic examination 
Sclerosis was present m most of the smaller arteries and arterioles, while others 
were less affected Some glomeruli were completely hyalmized, others were 
onh partialh hyalmized, a small portion or even half of a glomerulus being 
destro\ed m this waj Most of the glomeruli showed apparent hypertrophy and 
an increase m the number of nuclei m the capillary tufts, but in a few the 
capsule was thick Interstitial fibrosis w'as present throughout the kidney In 
certain areas, some of the tubules were dilated and filled with hjahne-like casts, 
but 111 other areas only a few epithelial cells remained m the increased fibrous 
tissue to indicate the presence of destroyed tubules In a considerable number 
of tubules, the epithelium w'as w’ell preserved 



BACTERIOPHAGY IN URINARY INFECTIONS FOLLOW- 
ING THE ADMINISTRATION OF THE BACTERIO- 
PHAGE THERAPEUTICALLY 

JANET ANDERSON CALDWELL, M D 

DALLAS, TEXAS 

It has been shown that sewage filtrate contains l}tic principle of 
marked actiMt}' for most of the gram-negati\ e bacilli found in cases of 
urinary infections ^ Of se\ent}-fi\e consecutive cases of urinar}’^ infec- 
tions Avhich I have studied up to the present time, sewage filtrate has 1} zed 
90 per cent of the strains of bacilli isolated from the catheterized speci- 
mens of urine The actnity of the sewage filtrate is marked, either m 
the first passage or after onl} one or two passages A complete report of 
this phase of the subject will be made after the series has been extended 

Because of the ease with wdiich the Ijtic pnnciple could be obtained 
from sewage filtrate for these organisms, and the fact that m the past 
the chief obstacle to the use of the bacteriophage in urinary infections 
has been the lack of potent bacteriophage to many of the causative 
baalh, the situation appeared hopeful for the treatment of the patients 
with sewage filtrate A small number of patients, tweh e in all, have been 
treated recenth , and the processes of bacteriophag} have been f ollow'ed 
through frequent cultures of urine and examinations of urine filtrates 
Certain obseiw ations haA e been made w Inch haA e influenced the mode of 
treatment, and AAhich throAV some light on bacteriophagy m the human 
body There is a striking paucity of such observations m the literature, 
and eAen the few reported are in conflict, so that there is reason for 
presenting m some detail such a small number of cases at this time 
The clinical and therapeutic phases aa ill not be giA en here, except to say 
that the cases aa ere chronic, and in most instances the patients had been 
treated b} other methods 

The chief obserA'ations that liaA^e been reported on the fate of 
injected bacteriophage haAe been made m tAvo types of studies (1) 
studies of the Aiscera at Aarious interAals AA^en bacteriophage Avas 
injected into normal, uninfected animals, (2) studies of animals after 
the simultaneous administration of bacteriophage and susceptible 
organisms 

Experiments of the former sort are summarized m d’Herelle’s book, 
“The Bacteriophage and Its BehaA lor ’ = There is general agreement 

*From the Bailor Hospital Laboratorv^ 

1 CoAMC D Obser^ ations on the Bacteriophage, Ann Clin iMed 

5 57 (Juh) 1926 Caldwell, Janet Sewage Filtrate as a Source of Bacterio- 
phage, J Infect Dis 4 575 (Maj ) 1927 

2 D’Herelle, F The Bacteriophage and Its BehaA lor, Baltimore, Williams 

6 Wilkins Companj, 1926, p 381 
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that the bacteriophage does not peisist in normal organs, it disappears 
from most of them as early as thiee hours after injections, and from 
all of them after tn ent) -four hours 

Arnold and ^Velss® ha\e used the second method in testing the 
efficienc) of their protein-free filtrates In these experiments, thej 
injected lethal doses of Shiga d>sentery or tjphoid bacilli simultaneoiish 
or at short inter\als nith the bactei lophage They did not produce 
experimental disease comparable to the pathologic conditions in man 
The} belie\e fiom their obserxations that bacteriophage does not 
increase in m\o as in Mtro, and that, therefore, a large proportion of 
bacteriophage is necessarj (comparable to the propoition which prevents 
clouding of tubes in Mtro) to eftect cure of lethal doses of B typhosus 
The authoi s experience and that of others in cases of urinary infections 
in uhich natural disease exists is at A'ariance with such conclusions 

Schumm and Cooke ^ have reported the constant lecovery of homol- 
ogous bacteriophage administered in staph} lococcus infections of the nasal 
sinuses The} do not report an} diminution in organisms or pus, nor any 
acquisition of resistance of the cultuie in association with the bac- 
teriophage The following observations confirm the fact that the 
bacteriophage can be leco^ered from the products of the lesions and is 
constantly present when cuie is not eftected, but it has always been 
possible to demonstrate readil} resistance of the culture to the bac- 
teriophage 

The bacteriophage used in treatment was isolated from sewage 
filtrate in the usual A\ay and was built up on the patient’s organism 
b\ a few serial passages until it ga^e maximum or marked lysis It w^as 
alwa}s concentrated by adding an entire agar slant suspension to 20 or 
25 cc of the filtrate and incubating until lysis occurred (from eight 
to eighteen hours) This concentrated filtrate w^as given by subcu- 
taneous injections and lavage of the bladder, usually daily or e-ver}^ 
other da} for from three to six injections 

DIAGNOSIS OF ORGANISMS TREATED 

In classifMiig the organisms isolated from the cathetenzed specimens 
of urine, the usual culture mediums w ere used gelatin, Russell’s 
medium, dextrose and lactose broth, litmus milk and citrate agar 
B coll was present in pure culture in eight cases, m three cases 
B pxocyaucHS, associated wuth a streptococcus in two In one case the 

•1 Arnold, Llo^d and Weiss Emil Prophj lactic and Therapeutic Pos- 
sibilities of the Twort-d’Herelle’s Bacteriophage, J Lab & Chn Aled 12 20 
(Octl 1926 

4 Schumm, Elsie, and Cooke Robt Incidence and Therapeutic Value of 
Staplw lococcus Bacteriophage in Antrum Infections, J Infect Dis 39 424 
(No\ ) 1926 
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organism had the culture characteristics of B pyoc\ancus, and during 
treatment it de\ eloped a diffuse, pale lavender pigment , therefore it \\ as 
considered to be an atypical B pvocvancus 

Dissociation phenomena were present in all the cultures and by 
tire use of the artificial colom method the stage of dissoaation as 
elucidated by Hadley^ could be recognized No difference wbich cor- 
related ivith any one stage of the dissociation c\cle could be detected 
in the ease with w Inch these organisms could be h zed bv sew age filtrate 
This has also been true of the large group of urinar\ organisms now 
being studied 

B\CTERIOPHAGE IN' L'RIN'E 

Fjcqiicncy of }\ofn’c Bacto lophagc in Patient’s Uiinc — Before 
beginning to treat the patient a urine filtrate was obtained Tins was 


Table 1 — Results of Eiaimiiations of the Untie of Patients Treated with 

Homologous Bactcriophagt, 





Bnctenoplnge 





Resis- 




in Unne 

Tune of 



Time to 

tanee 

Sen'll 


/■ ^ 

V 

Appear 

Persis- 

Unne 

Become 

Devel- 

Xo 


Di i^ncsis 

Before 

After 

nnce 

fence 

Culture 

Stenle 

oped 

isr 

B 

coll 







'^tenle 

3 davs 

— 

isu 

B 

pvoev mens 

— 

— 



Sterile 

2 1 da% s 

— 

31U 

B 

coll 

— 

— 



Sterile 

Bv 10th dav 

— 

74U 

B 

coll 

— 

- once 

4S hours 

Gone in 

Sterile 

5 davs 

— 







4S hours 




D 

B 

coll 

— 

— 

11^ hours 

31 da\s 

Stenle 

36 hours 

— 

lU 

B 

pvocvnneus 

— 


Xot foUotved 

— 


— 

9U 

B 

coll 

— 

— 

S davs 

4 mo — 

— 


— 

iru 

B 

pvoevaneus 

— 

— 

3 davs 

1 mo ttvice 

— 


— twice 

:!iu 

Atvpical B piocr-ineus 

— 

— Brllthdar 1 iro 

— 


— 





iiiicide culture 






B 

coll 

— 


2 5 davs 

Died 

— 


— 

64U 

B 

coll 

— 

— 

2 hours 

35 hours 

— 









Treatment ivas not completed 


67U 

B 

coll 



_ 

6 hours 

6 davs — 

— 




examined for the presence of a bacteriophage b\ testing through fi\e 
passages against a stock B dyscnfci lac B coli and the patients ow'ii 
oiganism I am convinced that this method does not gi\e the true 
notion of the frequenc} of bacteriophage in the urines but it is about 
as extensu e a method as is practical 

Topical bacteriophage phenomena (plaques and hsis) were obtained 
from the umie filtrates of two patients both cases in which B pyocyancus' 
was present In large series of urines tested'' the frequency of natue 
bacteriophage is fiom 20 to 25 pei cent 

Rccovciy of Bactcnopliogc Administci cd — Bacteriophage could be 
recovered in all urines following treatment except those which became 
sterile (table 1) Of the latter cases 74U showed the bacteriophage on 

5 Hadlej Philip ^^Iicrobic Dissociation J Infect Dis 40 1 (Tan ) 1927 

6 Larkum X W BacteriophagA in Urinan,- Infections J Bact 12 203 
(Sept) 1926 
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only one examination, but D showed it persistently D is an exceptional 
case, It IS the only case in which the uiine became sterile and in which 
the bacteriophage was strong and constant m the urine, so that a more 
detailed account of it is necessary to explain the apparent inconsistency 
The patient had a pueiperal infection in which a hemolytic B colt was 
isolated from the blood Besides pyelitis, colitis was present The fact 
that the bacteriophage persisted in the sterile uiine is, I believe, evidence 
that lesions due to this bacterium were still present in the body The 
urine of D became sterile m thiity-six hours aftei beginning treatment, 
but the urine continued to give maximum lytic action as already stated, 
so that I was not sui prised when a few colonies returned at the end of 
fi\e days, accompanied by a leturii of s 3 mptoms The few colonies 
peisisted foi weeks, always in the presence of a stiong bactei lophage 
These colonies always gave t)''pical suicide cultures, that is, they could 
be cultivated on agar for a few generations, but finally gave lagged 
giowth and then sterile slants, while in broth eithei they failed to grow 
or the slightly cloudy cultures cleared eaily Thus D illustrates a typical 
mixed culture of a bacteriophage of maximum virulence and a susceptible 
bacterium, a condition desciibed in vitro by d’Herelle 

The bacteriophage recovered in the urine was always similar in 
sti ength to the one administered but could not always have been demon- 
strated unless the original culture had been available, for the bac- 
teriophage stiains for the hetei ogeneous colon and allied organisms are 
specific and limited in their range of activity, and the organisms in 
contact with them become modified and lesistant early 

Tunc of Appeal ance of Bactei wphage m Uune — The time ot 
appearance of the bacteriophage in the urine during treatment varied 
In some cases it could not be recoveied befoie the third day, while in 
other cases it appealed in a few hours To try to deteimme how early 
the bacteriophage might appear, three patients were given the first sub- 
cutaneous injection from one to three hours before the first lavage of 
the bladder The urine was drawn off before the filtrate was instilled 
into the bladder, cultures were made immediatel}' , and the filtiate was 
studied In one of these cases, D, many plaques were present in the 
agar plate culture one and one-half hours after giving 2 cc subcu- 
taneousl), and the urine filtiate was as strong as the concentrated 
bacteriophage admmistei ed 

In a second case 64U, a similar positive filtrate was obtained two 
hours after the first injection In a third case, 67U, the urine obtained 
in thirty minutes was negatne, but when the urine was drawn off six 
hours later, its filtrate contained the bacteriophage 

Thus it appears that the bacteriophage, when administered subcu- 
taneoush , ma^ appeal in the urine of infected patients within two 
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hoars It can be recovered constandv n cases in wlncli the orranisms 

• o 

persist but when tlie urine becomes sterile it is not present or is 
transitor}' This indicates that tlie decisive action of bacteriophage on 
die organism occurs in the lesions and v lien die Ivtic action is promptlv 
successful the bacteriophage cannot persist Tins is consistent with 
bacteriophage action in intro where its sole medium for groivdi is die 
liinng baxtenum The situation just described \ias reallv the opposite 
ot what was expected for it seems at hrst inconsistent that the presence 



i^'C'caies a Ct-int-'e of i rine tat.en o"e anc one-balf nours alter 2 cc. ot bacteno- 
pbage vas giieii stibcutai-eovsb vote tste plaques Tutiry-SiX hours later cul- 
tures V ere stenie C tease 7-U^ s ous a culture taken alter tortj'-eignt hours 
of treatment Sterile cultiires vere oUlmnea atter tix nith d?>. 

of the bactenophage in die unne is uniaiorable tor die tddmate cure of 
the patient but on closer diought x is really what should ha-ppen it 
die action of the bacteriophage is siniilax in mvo to results in die test 
tube. In the latter the acnon of the bactenophage it it prevents die 
development of seconuaiy Culti res must be inolent a-ud early • any 
action less dian this can prodixe niixed cultures of bactenophage and 
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oiganisms representing all degiees and stages of equilibrium, some of 
which peisist thiough many tiansfers That this is what happens in the 
body and explains the simultaneous presence of the bacteriophage and 
the organism m the urine, will be bi ought out m the following descrip- 
tion of the changes m cultuies during the administration of the 
bacteriophage 

Pcisistcnce of Bacteiiophage m Patient’s Uune — When the oigan- 
isms peisisted m the urine, the bacteriophage remained for some time 
and in ceitam cases which uere followed could be demonstrated foi 
months after treatment was discontinued Naturally, the data here is 
incomplete, as the work is too recent to have allowed a long period of 
observation In three instances, twice m 17U and once m 24U, the 
bacteiiophage disappeaied after about one month, and the oiganism was 
found to be i evei ting to its original cultural characteristics 

The peisisteiice of the bacteriophage m the mine for such periods 
can scarcely be inteipieted m any other way than as evidence of its 
increase in the body when natural lesions and organisms aie present 

EFFECT or BACTERIOPHAGE ON ORGANISM 

One of the most striking lesults of administration of bacteriophage 
is the effect produced on the organism The modification m giowth or 
pigment characteristics weie so striking that a systematic study of the 
cultuies dm mg treatment was undertaken early Observations were 
made on the cultuial and growth characteristics and on the susceptibility 
to the bacteriophage administered and to sewage filtrate 

The artificial colony method is an excellent way to note size, shape, 
densit}, thickness, pigment production and dissociation phenomena of 
a culture Freshly poured and hardened agar plates are inoculated by 
stabbing the centei with a stiaight platinum wiie which has preAUOusly 
been earned ovei a tweut3-four hom agar slant cultuie The cential 
colonies are measuied and obseived at legulai inter\als for any length 
of time, usuall} ten days 

The lesults of these studies haA-^e been suinmaiized in table 2 In all 
cases 111 which the mine was not sterilized, and in some of the latter 
cases before sterilization, the oigamsm rvas modified The change 
occuiied jiiomptl), m fiom fift\"-six hours to eleven days, and usually 
jieisisted foi some iveeks, rvith leveision after the bacteriophage disap- 
peared from the urine The changes did not affect the cultuial char- 
acteiistics of the organism m an\ case, the diagnosis was, therefore, the 
same The organism as modified was alwa 3 ^s lesistant to the bacterio- 
jihage administered, but could be lyzed by sewage filtrate with but one 
exception These tests were earned out foi one passage onty, and the 
new culture was not studied in pouied plates to deteimine its various 
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constituents of sensitive and lesistant colonies Doubtless the modified 
cultuies repiesent such composite cultuies, or the bacteriophage could 
not exist in its jiiesence 

As to modification of growth characteristics, these weie not con- 
sistent eithei in degiee or in type of change pioduced No change could 
be noted m two instances, 9U and 67U, lesistance was the only sign of 
modification in these cultuies In this connection 9U proved to be an 
unusual oiganism, for it always de\ eloped earl}- and perfect secondaiy 
cultures to any bactei lophage found for it so that, although lysis was 

Table 2 — Modificafwii of Uitnaiy Cultuies Duiing Treatment with 

Homologous Bactci lophage 


Modified Culture 
'rested with 


r ' ■■ ■■ s 

'Ireatincnt 'rime for 


‘^ornl 

No 

Ontiml 

Cli ir ictcrs 

Modified 

Cli ir ictcrs 

Baeterio 
ph ige 

Seu igc 
Filtrate 

Modifl 
c ition 

'I'endency to 
Rcyersion 

IL 

Greon 

p\oc\ incus 

G^^ c amber 
colonies 

R 

Ly 7cd 

3 days 


'tC 

11 mill 
smootli 

11 mm 
smooth 

R 

Lj /cd 

5 clays 

Still resistant after 4 mo , 
bacteriophage m urine 

17U 

2S .ind 33 mm , 
trecn 

13 mm , 
colorlc's 

R 

Ljzcd 

7 days 

Gradually in 2 mo , bac 
tenophage disappeared 

17Lt 

13 mm \cl 
lou greon 

j mm 
colorless 

R 

N'ot Ij zed 

3 days 

Gradually, bacteiiophage 
disappeared 

24U 

lo mm , tnns 
p iront 

1 mm , 
suicide 

R 

Lyzed 

Within 
10 days 

Gradually in 1 mo , no 
longer suicide 

JOU 

14 mm , 
round 

19 mm , 
irregul ir 

R 

Ljzed 

5 days 

Patient died 

eVG 

9 mm , 
irregul ir 

11 mm , 
round 

R 

Lj zed 

■)C hours 

Sterile 8 yyeeks later 

Til 

1 { ind 31 mm , 
round 

Suicide 

¥ 

¥■ 

0 days 

In 7 days, no baeterio 
phage in urine 

7-iGI 

1 5 mm , 
round 

30 mm , \ cry 
irregul ir 

Lyzed 

lA zed 

4 days 

btenle on eighth day 

n 

")> mm , 
irrcgubir 

2 mm 
suicide 

« 

* 

By nth 
diy 

Still suicide 31 days later 


* Could not be tested idoou itch due to spontaneous lysis of broth cultures 
t ''ctond trcTtnicnl after re\er«ion 

maximum up to eight houis, in eighteen houis no difference from the 
controls could be detected Patient 9U was treated twice without effect 
on the numbei of organisms or on the patient , from this experience the 
conclusion seems warranted that it is useless to administer a bacterio- 
phage which cannot show some degiee of permanent lysis in vitro 

The most frequent change in growth chaiactenstics was the pioduction 
of smaller colonies, sometimes even suicide cultuies With B pyocy- 
anens, pigment pioduction was lost, and the spreading tendency, trans- 
parency and the pioduction of luster aieas were lost, so that the cultuie 
gave a compact, legtilar, opaque colony In two cases, the change 
revealed itself as a gi eater giowth tendenc) with a larger colony usually 
spreading from one point to form an nregulai shape 
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Because the cultural charactenstics lemained the same and because 
the organism m a few instances was seen to re^ ert to its original nature, 
these changes are considered to be tiue modifications and not a substitu- 
tion of one infecting organism by another 

In conclusion, it can be stated that duiing the treatment of patients 
with uiinaiy infections by a bacteriophage built up on the causative 
organism, either the urine is steiihzed or the oiganism is modified, at 
least in its susceptibility to that bacteriophage and usually, more pro- 
foundly, in Its growth characteristics 



F'g 2 — Gro\\th modification in cultures following treatment A and B 
(case 24U) indicate growths before and after treatment The small colonj' 
IS a topical “suicide’ culture in broth C (case 17U) shows the original culture, 
large colonj, green pigment, no bacteriophage in urine, D, the culture after 
treatment, small colonj, no pigment, more opaque growth, resistant, bacteriophage 
in urine, E, the culture two months later showing partial reversion, colony 
larger, jellowish pigment, no bacteriophage in urine, F, the culture after second 
treatment, small colonj, no pigment, resistant, bacteriophage in urine, G and H 
(case 36U), before and after treatment, note the greater grow'th activitj follow- 
ing treatment This culture is now^ resistant and the bacteriophage is present in 
patient’s urine in maximum strength 
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From these obsei\ations it is clear that the chief problem m the use 
of the bacteriophage m urinar} infections is that of the ready adaptabiht} 
of the organisms usually found in these cases so that they become 
resistant to the bacteriophage administered The hope m this connec- 
tion IS the fact that resistance is mdi\ idual — a resistance to onl} that one 
bacteriophage strain — and that the modified organism can be as readil> 
lyzed by a rich source of bacteriophage, sewage filtrate, as if it had not 
been in contact ith a bacteriophage 

The prospect therefore, appears hopeful, but to combat the natural 
difficult} certain precautions seem essential The bacteriophage used 
should not allow the eaih de\elopment of secondary cultures It should 
be prepared and administered |!)iomptly, at frequent intervals and in 
adequate quantities locallv so as to hze the mam bulk of organisms 
quick!} thus pre\entmg the modification vhich results in resistance 
Cultures should be matched and if necessary relyzed b} sewage filtrate 
and the second bactei lophage should be administered 



CONGENITAL :malfor:mations of the 

GALLBLADDER 

REPORT OF THREE CASES OBSERVED BY CHOLECYSTOGRAPHY 
SAMUEL LEVIXE, MD 

BROOKLYX 

An} method of precision used m the diagnosis of disease has pos- 
sibilities far surpassing its immediate application The phisician, how- 
e\er, is chief!} concerned with its immediate Aalue to his patient While 
this attitude is entirely commendable, the fact that a positive diagnostic 
method ma} become an instrument of im estigation in the hands of the 
clinician should neiertheless be recognized The application of 
radiolog\ to the stomach has modified the conception of the anatomy of 
this organ Radiolog} has added to the knowledge of gastric physiolog}', 
and has enabled ph}5iaans to obsene the reactions of the stomach to 
drills ^ The clinician has thus been enabled to add considerablv to the 
knowledge of the anatomy and ph}siolog} of the stomach and of the 
modifications of it caused b} drugs Radiolog}* has, therefore, increased 
his usefulness to medicine and rendered him less dependent on the 
anatomist and on the expenmenter w ith laboratory animals 

^^*hen cholec} stograph} w as introduced m medicine - the attention 
of nlnsiaans was directed almost entirely to its clinical value So %alu- 
aWe a method howe^er was predestined to wider usefulness A method 
giving accurate information about the size shape and position of the 
gallbladder and about its pow er of concentration and abiliU to empt}* its 
contents ob-vioush will gl^e ^aluable knowledge concerning its anatom} 
ana ph} siolog} and concerning its response to drugs Indeed, the ques- 
tion whether the gallbladder is a passne organ or whether it empties its 
contents 0} the contraction of its walls has already been sohed b} this 
method Intake ’* “ b} experiments on animals and Le^ me ^ by obser- 

\ation5 on man demonstrated contractions of the gallbladder by means 
of cholec} stograph} Clinicians should therefore be mindful of the 
opportunities for in\ estigation inherent in positne diagnostic methods 

1 Assmann Klin Rontgcndiagnostik d Inneren Erkrankungen, ed 3 
Leipsic F C W ^'ogel, 1924 p -00 

2 Graham E H and Cole \V H Roentgenologic Examination of Gall- 
bladaer Xev Ivlctiiod Utilizing Intraienous Injection of Tetratromphenol- 
pnthakm J A M A 82 613 (Feo 23) 192-i 

3 Wnitakcr L R. Am J Phjsiol 78 -ill 1926 Diagnosis of Gall- 
blaaaer Disease T A A 88 1791 CJune 1927 

- Lei me S Contractions of Gallbladder Seen in I\Ian, Arch Int Med 
40 -120 fOct) 1927 
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Congenital anomalies of the gallbladdei aie fiequent in animals, pai- 
ticulaily ill sheep, cattle and cats They aie said to be laie in man 
(Konjetzny •’) Hubei repoited a case of congenital absence of the 
gallbladdei “with pieteinatuial enlaigement of the hepatic duct” 
Double gallbladdei s weie desciibed by Sheiien,’’ Biaun® and Nichols’’ 
Dneiticula of the gallbladdei weie lepoited by Couivoisier,^® by Staub 
and by Sebening and Schondube^- In the case of the last named 
authois, the dneiticulum was laige enough to mtei feie with the emptying 
of the stomach Of the twenty-eight cases mentioned by Couivoisier, 
eighteeen patients had gallstones A ti action diveiticulum was piesent 
onh’’ once Hour-glass gallbladdei s weie leported by Couivoisier, 
Haitmann,^” Malcolm,’’^ Moiton’^” and Toida Malfoimations of the 
extiahepatic ducts aie lathei moie fiequent ( Com voisier,’^”, Konjetzny,’’ 
Buzik,”' Meyenbuig,’® Bohm,^” Budde,-° Dieesman-^) It is piobable 
that cholecj'stogi aph}'’ will add an inteiestmg chaptei to the study of 
anomalies of the gallbladder With the exception of the case of Nichols,” 
anomalies thus far repoi ted have been obsei ved only when the abdomen 
has been opened by either the suigeon oi the pathologist By means of 
cholecystography, howe\ ei , physicians are able to study this condition m 
the living, ambulant patient, in whom this obsei vation may be made 
accidental!} It is significant that in a lathei small piivate piactice, this 
method re\ealed three inteiestmg anomalous gallbladdei s within a few 
months 

REPORT OF CASES 

Case 1 — Houi-glas<; gallbladdei 

;Mrs S S , aged 23, married eleven months, had never been pregnant The 
history of menstruation was normal Six months previous to her present 

5 Konjet7ny Ergenbn d allg Pathol u path Anat 14" 712, 1910 

6 Huber Philosophic Transactions, (abridged), London, 1744-1749, p 649 

7 Sherren Ann Surg 54 204, 1911 

8 Braun Zentralbl f Chir 53 1055, 1926 

9 Nichols Radiology 6 255, 1926 

10 Courvoisicr Casuistisch-statistische Beitragc zur Pathologic und 
Chirurgie des Gallenwege, Leipsic, F C W Vogel, 1890, p 12 

11 Staub Cor-Bl f schweiz Aerzte 26 15, 1896 

12 Sebening and Schondube Arch f klin Chir 137 308, 1925 

13 Hartmann Bull Soc anat de Pans 66 480, 1891 

14 Malcolm Proc Roy Soc Med, Surgical Section, part 3 1 93, 
1907-1908 

15 Morton Brit M J 2 1697, 1908 

16 Toida Arch f klin Chir 100 1188, 1913 

17 Buzik Arch f Verdauuiigskr 22 370, 1916 

18 Meyeiiburg Virchows Arch f path Anat 221 352, 1916 

19 Bohm Ztschr f ang Anat 1 105, 1913-1914 

20 Budde Deutsche Ztschr f Chir 185 339, 1925, Munchen med 
Wchnschr 72 848, 1925 

21 Dreesman Deutsche Ztschr f Chir 92 401, 1908 
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illness she was in an automobile accident in which she sustained minor injuries 
oi the right shoulder and right arm The right ear drum w^as perforated during 
this accident The patient came to m3 office on :May 3, 1927, wnth the following 
Instore The tonsils had been removed se\en years before One week after 
tonsillectome, she had had an attack of acute abdominal pain evhich had been 
diagnosed as acute appendicitis Operation had not been performed Four 
weeks ago she had had diffuse abdominal pain which settled in the low^er right 
quadrant ot the abdomen The pain still persisted in a milder form It was 
cramplike in character and was not relieved b3 food Occasional heartburn, 



Fig 1 (case 1) — Cholec3 stogram of hour-glass gallbladder 

independent of meals, was not reheied b^ food but was relieved bj' sodium bicar- 
bonate The patient belched considerabh Occasional pressure w'as present 
in the epigastrium She did not ^omlt during or between attacks of pain 
The bowels mo\ed once in from one to two da3S without the aid of a cathartic 
The results of a plnsical examination were negati\e, wnth the exception of 
the obseriation of tenderness in the lower right quadrant of the abdomen The 
blood count and blood chemistr3 did not re\eal an3'thing abnormal The 
icteric index was 9 5 (normal from 4 to 6) One hour after an Ewald test 
meal the Indrochlonc acid was 11, and the total acidit3 was 30 The urine 
and stool w ere normal The blood Wassermann reaction w as negative Procto- 
•^copic examination showed a normal rectum and sigmoid The fluoroscopic 
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and rocntgcnographic examinations of the gastro-intestinal tract did not reveal 
ail}’’ abnormalities, with the exception of constant tenderness m the lower right 
quadrant of the abdomen The appendix was not visualized 

Fourteen hours after administration of the dye (tetraiodophenolphthalein 
sodium) by mouth, roentgenograms showed the gallbladder distinctly At the 
junction of its middle and lower thirds, a circular constriction divided it 
into a wider upper and a narrower lower portion (fig 1) Ten minutes after 



Fig 2 (case 1) —Hour-glass gallbladder about half its former size ten 
minutes after the ingestion of a fat meal Proportionately, the lower cavity 
IS diminished in size, even more than the upper 

the injection of a fat meal, the gallbladder was about half its former size 
(fig 2) Proportionately, the lower cavity had diminished in size even more 
than the upper Two and a half hours after the administration of the dye, 
only a small speck of it was seen m the gallbladder (fig 3) 

Morton’s case did not show any evidence of cholecystitis, although 
stones weie present in both the uppei and the lowei cavities, while in 
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Toida s case there w as extensive inflammation of the lower portion 
of the gallbladder, but stones were not found Both consideied their 
cases as congenital in origin Malcolm and Haitmann^® explained 
the houi -glass shape of the gallbladders in their cases by cicatricial con- 



traction secondar} to inflammation In all of the fifteen cases compiled 
by Courvoisier.^® examination revealed either stones or definite traces of 
their presence at some former tune 

In the case here reported, the origin of the condition is not entirely 
clear The right-sided abdominal pain, pressure in the epigastrium, 
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belching and In-pochlorh} dna together AMth the high icteric index (9 5), 
faAor the diagnosis of cholec} stitis \\hile the fact that the gallbladder 
concentrated and emptied in a normal manner speaks against this assump- 
tion On the other hand the presence of cholecystitis does not rule out 
the congenital nature of its anomalous form Inflammation and stone 
formation ma} de\elop as a lesult of the abnormal shape of the gall- 
bladder udiich interferes uith its emptying In this case, ho^^e^er we 
u ere confronted b} the fact that the gallbladder concentrated and emptied 
nonnalh Spasm can be ruled out, since the musculature of the gall- 
bladder uas arranged irregular!} and a arcular la}er uas not present 
(Aschofl: and Bacmeister,-- Stohr-Mollendorf.-^ Lutkens -*) Whether 
there as any relation bet\\ een the patient s recent accident and the 
hour-glass shape of the gallbladder is entire!} problematic Whatever 
pathologic conditions ma} be superimposed the congenital ongin of this 
hour-glass gallbladder is plausible 

C \SE 2 — GaUhladdc! rcsciublttig a “Phixgian cap 

^Irs F L aged 26, married lor a period of three and a half \ears, had 
ne^er been pregnant Menstruation began at the age of 12 and occurred 
e\en t\\ ent^ -eight dajs lasting three dajs Three }ears preMous to her 
present illness she stopped menstruating for six months since then menstrua- 
tion had been normal During the last two jears she had suffered from weak- 
ness excessne perspiration palpitation and diarrhea (from four to fite 
mo\ements a da>) Six months ago she experienced se^ere pain at the right 
costoi ertebral angle accompanied bj djsuna and tomiting Eleien weeks ago, 
and again se\en weeks ago she was siiddenh seized with cramps m the 
right lower quadrant ot the abdomen She did not ^omlt, but diarrhea 
persisted during these attacks 

The pulse rate was 120 The blood pressure was 98 sjstolic and 38 diastolic 
The temperature was 994 F There was marked tremor A large goiter and 
exophthalmos were also present Grade’s sign was positne Thrill was felt, and 
bruit was heard o\er the thwoid K%phosis of the thoracic spine was eMdent A 
s\stohc murmur was heard o\er the precordium, and was transmitted to the vessels 
of the neck Tenderness was marked o\er the upper left dorsal region and 
o-\er the lower part of the precordium The right lower quadrant of the 
abdomen was tender and rigid Dermographia was marked A tender mass 
was felt in the right vaginal tornix 

The basal metabolism was -f-43 Specimens of urine showed a trace of 
albumin and a few red and white blood cells The blood count and blood 
chemistry did not re^eaI am abnormalities The blood Wassermann reaction 
was negatne Fluoroscopic and roentgenographic examination of the gastro- 
intestinal tract showed that the stomach was extended down one and a half 


22 Aschoff and Bacmeister Die Cholelithiasis, Jena, Gustav Fischer, 1909, 
P 11 

23 Stohr-lSIollendort Lehrbuch der Histologie, ed 20, Jena, Gustav Fischer, 
1924, p 315 

24 Lutkens Aufbau und Funktion der extrahepatischen Gallenwege, 
Leipsic, F C W Vogel, 1926, p 77 
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handbreadths belov the crest of the ilium, tlie incisura angularis \\as Uvo finger- 
breadths below Tenderness was present to the right of the umbilicus After 
lour hours, the stomach was emptj, and after twent\-four hours, the entire 
gastro-intestmal tract was emptj, but the appendix was filled It was irregular 
in outline and beaded 



Fig ~t (cz‘^c 2) — Cholec_ stogram of gallbladder resembling a “Phrygian 
c^p Note the notch betv een the bod> and the ampulla 


Fourteen hours after the administration of the dee (tetraiodophenolphthalein 
sodium) be mouth roentgenograms showed the gallbladder dearie (fig 4) 
Its loe’ er pole eeas bent upe' ard and toeeard the spine Teeo hours after the 
ingestion of a lat meal, the gallbladder was empte 
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In 1916, Bartel described three anomalous gallbladders observed at 
autops} In each case the lower pole was bent upwaid in such a way 
as to suggest a “Phi}gian cap ’ One was that of a girl, aged 15, with 
diabetes melhtus , the second, that of a women, aged 30, with S} philis of 
the h\ei and of the aorta, and the third that of a uoman, aged 41, with 
tuberculosis of the lungs and peritoneum All three had cholesterol 
stones in the gallbladdei Two jeais later this author reported forty 
more autopsies in ^^hlch the same or similar anomalies in the shape of 
the gallbladdei were obser\ed Six of his foity-three patients had pure 
cholesteiol stones and one had an inflammatory stone From a study 
of the clinical histones and pathologic obser\ations in these cases, he 
came to the conclusion that such a gallbladder is a sign of constitutional 
mferiorit}' It is often associated with hmphatism, status thymico- 
hmphaticus henna, genital h3poplasia and a narrow aorta, and it pre- 
disposes to tuberculosis, s}phihs, cystic oiaries and adenomatous goiter 
The gallbladder of the patient in the case under consideration seems 
to ans^^ er to Bartel s description, although his articles do not contain 
ain photographs It is significant that this patient was never pregnant, 
although she had been married for three and a half } ears , that three 
} ears before she stopped menstruating for six months, and that she was 
suffering uith h} perth} roidism In 1913, Ch\ostek-' emphasized the 
fact that the constitution of the patient pla)s a gieat role in the de\elop- 
ment of this disease 

Case 3 — Rudiiiiciitai y gallbladdLi 

A L, a man, aged 22, a clerk, single, during the last ten months had had 
burning pain in the epigastrium which was relieved for one hour by food 
The patient did not ha^e cramps On physical examination, the pulse rate 
was 96, the blood pressure was 128 s\stolic and 80 diastolic A soft systolic 
murmur was heard o^er the base ot the heart Abdominal tenderness was 
not present Both inguinal rings were large The urine, stool and Ew’ald test 
meal were normal The blood count was normal, except for an increase in 
the hmphocites (46 per cent) The icteric index was 82 The blood Wasser- 
mann reaction w^as negative Fluoroscopic and roentgenographic examination 
of the gastro-mtestinal tract revealed a moderateh ptosed stomach The 
appendix remained filled fortj -eight hours after a barium meal At that 
time the rest of the large intestine was emptj 

Twehe hours after the administration of the dye (tetraiodophenolphthalein 
sodium) by mouth, roentgenogi ams showed the gallbladder distinctly It was 
about one-third the normal size and conical, and its fundus tapered to a point 
(fig 5) Two hours after the ingestion of a fat meal, it was still about 
one-half full (fig 6) 

Endocrinologic and neurologic examinations (bj Dr William Leavitt) 
showed the following The patient’s height w^as 73 3 inches, the weight was 

25 Bartel Frankfurt Ztschr f Path 1-2 206, 1916 

26 Bartel Wien klin Wchnschr 31 605, 1918 

27 Chiostek Ztschr f ang Anat 1 27, 1913 
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165 pounds (17 8 Kg ) The circumference of the head, which was large and 
brachi cephalic, was 22 inches The cephalic index was 87 + His bones were 
long, and he was long-w'aisted The skin w'as fair and fine There was 
moderate growth of hair over the upper part of the chest, antenorlj and 
posteriorly The pubic hair w'as of the male t 3 ’’pe of distribution The face 



Fig 5 (case 3) — CholecA stogram of rudimentarj gallbladder, conical in 
shape, with fundus tapering to a point 


was long, the nose w-as sharp, prominent and thin The eyeballs w'ere deeplv 
set The palate was high and arched and the teeth were regularl}^ set The 
neck was long, thin and strong, but not massive He had cjanosis of the 
hands and feet, but the\ were warm and moist The low'er part of the abdomen 
was prominent, suggesting visceroptosis The genital organs w'ere normal 
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The results of the neurologic examination were negative The patient was 
shj’^, and had a hesitant personality He was of normal intelligence but lacked 
aggressiveness He was passive and docile, and found it difficult to make 
advances It is significant that he had a lymphocvte count of 46 per cent 
The impression was that the abnormal development was of the “thvmic type ” 

Rudimentaiy gallbladdeis about the size of a goose quill aie 
desciibed by Curshain,-® Wilks and Roth These extieme cases, 



Fig 6 (case 3) —Two hours after the ingestion of a fat meal, the gall- 
bladder IS about one-half full 

howevei, aie usually accompanied by obliteiation of the bile ducts with 
subsequent development of jaundice and biliaiy ciiihosis, terminating in 
death in early infancy The case undei consideiation answeis fairly 

28 Cursham London Med Gaz 26 ■ 388, 1840 

29 Wilks Tr Path Soc London 13 119, 1862 

30 Roth Virchows Arch f path Anat 43 296, 1868 
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w ell to liat Berg calls 'the gallbladder of rudimentary morpholog\ ’ 
In this condition the gallbladder is less difterentiated from the c\stic 
duct more mobile, and its empt}ing po^^er is impaired Therefore a 
disturbance is produced m the pressure regulation of the entire hepatic 
s} stem, hich may lead to deranged hepatic fxmction In this case the 
small size of the gallbladder its conical shape, impaired po-\^ er of concen- 
tration and dela}ed emptying time are the anatomic and ph 3 'siologic 
CMdences of abnormal structure and function The high icteric index 
(8 2) suggests disturbed hepatic function The age of the patient and 
the historj of the case do not warrant the assumption that these deiaa- 
tions from the normal are due to pathologic changes in the gallbladder 
On the contrar} his entire make-up, as evidenced b}' his somatic and 
mental characteristics, strongh’- suggests the presence of de\ elopmental 
disturbances vhich are also the probable causes of this abnormal gall- 
bladder 

EMBR\OLOG\ OF THE G\LLBL.VDDER 

Felix and Hammar thought that the liver and its ducts de^elop 
simultaneous!} from the protrusion at the \entral portion of the fore- 
gut, that the cranial portion of this protrusion forms the h^er and its 
caudal portion, the ducts This has been definitely dispro\ed b} 
Lud^^ ig , according to him only the liver is formed by the protrusion 
HoweAcr, as it mo\es avay from the foregut it remains united to it by 
a strand which undergoes canalization and forms the prlmltl^e common 
bile duct This is still lined ith li\ er cells which subsequently become 
the glands of the ducts The primitive gallbladder is formed b} a 
depression in this duct , the permanent gallbladder arises b}* the forma- 
tion of a bud in this depression The cells m this bud proliferate and 
gne rise to a number of cavities each separated from its neighbors by 
septums EACntuall} the} fuse and form one caMt}' The primai}' 
gallbladder becomes the c}stic duct The permanent gallbladder is not 
lined b} Iner cells and therefore does not contain glands (Aschoff and 
Bacmeister ^^*hen the cavities fail to fuse properly ^a^ous con- 
genital anomalies may arise 

SUMMARY 

1 ^Methods of precision used in the diagnosis of disease may become 
useful instruments of imestigation in the hands of the clinician This 
IS illustrated b} the contributions of roentgenolog}' to the knowledge of 

31 Berg Arch f klin Chir 126 327 1923 

32 Feliv Arch f Anat u Physiol 1892 p 281 

33 Hammar Arch f Anat u Ph 3 siol 1893 p 123 

34 Ludvig Anat Hefte First Part 56 513, 1918-1919 

35 Aschoff and Bacmeister Die Cholelithiasis, Jena, Gustav Fischer, 
1909, p 17 
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the anatomy and physiology of the stomach and its response to drugs 
It IS furthei illustrated by the valuable infoimation gained in the physi- 
ology of the gallbladdei since the intioduction of cholecystography in 
clinical medicine 

2 Thiee anomalous gallbladders, most likely of congenital origin, 
are desciibed In the course of routine examinations, these were 
detected by means of cholecystography The thiee types aie 

(o) Hour-glass gallbladdei This case is most likely of congenital 
oiigin 

(b) Gallbladdei lesembhng a “Phiygian cap” This is associated 
with hyperthyioidism, menstrual irregularity and sterility It is there- 
fore consideied pait of a geneial constitutional disturbance 

(c) Rudimentary gallbladder This answeis the description of 
Beig’s “gallbladdei of rudimentaiy morphology ” The patient also con- 
forms to that vaiiety of abnormal development known as the “thymic 
type ” 



ELECTIVE LOCALIZATION OF STREPTOCOCCI 
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As yet there is no univeisal agreement concerning the pathogenesis 
of the peptic tilcei which occuis spontaneously in man Voluminous 
ai tides ha^e been devoted to the eftort to establish some causative fac- 
tois, but the various theories and expeiimental lepoits have generally 
led lather to diveigence than to conveigence of ideas as to the particular 
etiologic agent 

It IS true that ulceiations m the gastric and duodenal mucosa have 
been pioduced m various ways, but these expeiimental methods aie 
usually so foieign to what could actually occur clinically that they can 
ha^e little piactical beaiing on the etiology^ of the ulcer in man 

REVIEW OF THE LITERATURE 

Ulceis of the stomach have been pioduced expeiimentally by inter- 
feiing with nerve supply,^ by section of the spinal coid - and by section 
or stimulation of the vagus or the sympathetic nerves Durante ® and 
Vedo^a^ b} such methods pioduced fairly well foimed ulceis in a con- 
sideiable number of expeiiments Similaily, lesions have been pioduced 
b} iiijuimg the mucosa mechanically, by excising pieces, by the use of 
sutures, “ b} the application of the actual cauteiy or silvei nitrate and 
nitric acid,® by injecting into oi beneath the mucosa such substances as 
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2 Kau amura, K Ueber die expenmentelle Erzeugung von iMagene- 
schwuren durch Nerienlasionen, Deutsche Ztschr f Chir 109 540, 1911 

3 Durante, Luigi The Trophic Element m Origin of Gastric Ulcer, Surg 
Gjnec Obst 12 399, 1916 

4 Vedo^a, R D Richerche sperimentali sulla patogenesi dell’ ’ulcera gas- 
trica, Polichnico 6 1153, 1899-1900 

5 Katzenstem, IM Beitrag zur Entstehung des Magengeschwurs, Arch f 
khn Chir 101 1, 1913 

6 Quinclce, H, and DaetU\>ler Untersuchungen uber Magengeschw ure, 
Cor -B1 f schn eiz Aerzte 5 101, 1875 
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foreign pioteiii in sensitized animals,” gastrotoxic seium,® silvei nitrate® 
and alcohol, b}’' the injection of lead chi ornate and fat^® to produce 
embolic lesions , by intravenous injection of poisons such as pilocarpine, 
phenol, chlorofoim, bile salts,^® B-tetia-h)dronophthylamme,^^ epi- 
nephrme,^^’ diphtheria toxin and filtrates of vaiious bacteiia and by 
extirpation of the suprarenal and thyroid glands Some have main- 
tained that ulceis may be due to a disproportion between the 
gastiic pepsin and the antipepsin of the blood seium^® Mann 
and M' ilhamson produced single subacute and chi onic ulcei s 
in the jejunum of dogs in a high peicentage of cases when anasto- 
mosis of the jejunum to the stomach was peifoimed and when 
the duodenum with its alkaline content was diained into the terminal 
ileum Ulcei ations ha^e been pioduced in many sites in the stomach by 

7 Rj, A C, and Shapiro, P F Experimental Production of Gastric Ulcer 
bj Local Allerg^, Preliminarj Report, J A M A 85 1131 (Oct 10) 1925 

8 Bolton, Charles Experimental Production of Gastric Ulceration by Injec- 
tion of Gastro toxin, Lancet 1 1330, 1908 

9 Friedman, J C , and Hamburger, W W Experimental Chronic Gastric 
Ulcer, J A H A 63 380 (Aug 1) 1914 

10 Licini, Cesare Ueber experimentelle Erzeugung von Mageneschwuren, 
Beitr 7 klm Chir 79 462, 1912 

11 Cohnlieim J F Lectures on General Pathology, London, New Sydenham 
SocieA 3 879, 1890 

12 Schridde Experimentell erzeugte ^lagengeschwure bei Murscbweinchen 
(Diskiission), Verhandl d deutsch path Gesellsch 11 234, 1907 

13 Sellards, A W Ulceration of the Stomach and Necrosis of Salivary 
Glands Resulting from Experimental Injection of Bile Salts, Arch Int J\Ied 
4 502 (No^ ) 1909 Smith, G H An Experimental Study of the Relation of Bile 
to Ulceration of the Mucous ^Membrane of the Stomach, J kl Research 30 147, 
1914 

14 Elliott, T R The Experimental Formation of Acute Gastric Ulcers, 
Quart J kled 7 119, 1914 

15 Friedman, G A The Influence of Removal of Adrenals and One Sided 
Till roidectomj upon the Gastric and Duodenal Mucosa, the Experimental Pro- 
duction of Lesions, Erosions, and Acute Ulcer, J M Research 32 287, 1915, 
Probable Endocrine Origin of Peptic Ulcer, New \ork M J 107 1205, 1918 

16 Rosenau, kl J , and Anderson, J F A Stomach Lesion in Guinea Pigs 
Caused by Diphtheria Toxin and Its Bearing upon Experimental Gastric Ulcer, 
J Infect Dis 4 1, 1907 

17 Carlson, A J , and Jacobson, Clara Further Studies on the Nature of 
Parath} roid Tetanj , Am J Phjsiol 28 133,1911 klann, F C A Study of the 
Gastric Ulcers Following Removal of the Adrenals, J Exper kled 23 203, 1916 
Also see footnote 15 
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des Blutserums bei klagengesunden und k'lagengeschwurskranken, kled Klin 
20 1578, 1924 Leiblein, Viktor Ueber den Antipepsingehalt des Blutes in 
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19 klann, F C, and Williamson, C S The Experimental Production of 
Peptic Ulcer, Ann Surg 77 409, 1923 
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roentgen ra}S In 1853 A^'irchow-^ initiated the idea, •\^hlch has been 
accepted by many, tliat spasms or portal stasis might gn e rise to hemor- 
rhagic infarction and subsequent ulceration \'arious functional dis- 
turbances of the stomach, such as hypotonia and Inpertoma, ha^e sup- 
posedly produced lessened resistance b} interfering AMtli the nene or blood 
supply, and thus have led to the formation of ulcer by subsequent diges- 
tion -- Hamburger stated that abrasions resulting from traumatization 
by food or from emboli or bacteria produce acute ulceration i\hich in 
the presence of h3^persecretion and h} peraciditj' from some underl3nng 
cause, such as vagotonia or reflex p3dorospasm, ma3' produce chronic 
ulcers Morris stated that the ulcer probabh' starts with a proliferating 
endarteritis due to some toxic excretion and suggests Bacillus coli as the 
possible toxic agent Wilkie,-^ from postmortem stud3 , concludes that 
toxic absorption from the appendix or colon could produce an irritable 
condition of the autonomic ner\ous S3 stem vith tendenc3* to ulcer 
formation The relation of infection to the formation of ulcer has been 
demonstrated b3' man3' chmcal and expeiimental investigations It has 
inf requentl3' been noticed that ulcers of the stomach occur during sev ere 
and fatal infections, particular^ those of streptococcic origin Intra- 
venous injection of pus by Leber and Cohn and of streptococci and 
staph3dococci by Letulle produced similar lesions as did also the pneu- 
mococci injected b3 Bezancon and Gifton -® Boettcher in 1874 demon- 
strated bacteria in the edges and floor of ulcers, and Dudgeon and 

20 Wolfer, J A Chronic Experimental Ulcer of the Stomach, Its Clinical 
Significance, J A ]\I A 87 725 (Sept 4) 1926 

21 Virchow, Rudolph Historisches Kritisches und Positives zur Lehr der 
Unterleibs Affektionen, Arch f path Anat u Phvsiol 5 281, 1853 

22 ]\Ioller, S Die Pathogense des Ulcus ventricuh mit besonderer Beriick- 
sichtigung der neueren experimentellen Ergebnisse, Ergebn d inn Med u Ixiii- 
derh 7 520, 1911 

23 Hamburger, W W Discussion on Experimental Studies in the Produc 
tion of Chronic Gastric Ulcer Rec 86 898, 1914 

24 IMorris, R T The Etiologv" of Gastric Ulcer, Rec 84 854 1913 

25 Wilkie, D P D Observ ations on the Pathologj and Etiologv of Duodenal 
Ulcer, Edinburgh ]\I J 13 196, 1914 

26 Lebert, quoted bv^ Rosenow , E C The Causation of Gastric and Duodenal 
Ulcer b}' Streptococci, J Infect Dis 19 333, 1916 

27 Cohn, B Klmik der embolischen Gefasskrankheiten, mit besonderer 
Rucksicht auf die arztliche Praxis, Berlin, Hirschw'ald, 1860, vol 16, p 696 

28 Letulle, Origine infectieuse de certains ulceres simples de I’estomac 

ou du duodenum. Bull et mem Soc med d hop de Pans 5 360, 1888 

29 Benzancon, F, and Giffon, V Ulcerations gastriques au cours de la 
septicemie pneumococcique chez le cokave. Bull et mem Soc anat de Pans 1 
409, 1899 

30 Boettcher, H Zur Genese des perfonrenden ^Magengeschw urs, Dorpat 
med Ztschr 5 148, 1874 
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Ss-igcTiL ~ isolated a diplostreptococcus irom the edges of ulcers and 
peritoneal exudate in four cases ot ulcer alter death from perforation 
Steinharter reporteo his vrork on the production of gastric ulcers and 
duodenal hemorrhagic lesions by the injection of clumped colon baalh ■ 
Turck “ ' claimed to hai e round «y pical round ulcers of the stomach and 
duodenum in dogs alter they had been icd colon bacilli for a long period 
Hoitman isolated an aerobic nonmotiie bacillus from the tonsils and 
gastric contents in a lev pafents who tiad ulcers and claimed to have 
produced ulcers in animals v.nth the organism and its filtrate 

hether a locus oi iniecuon usualh simptomless and apparently 
harmless in itselr can under certain cond.tions act as a distributing 
center tor micro-organisms vhich haie acquired particular evasive 
and localizing pov cr and produce in distant places acute sub- 
acute or chronic inflammator}.' lesions is an interesting as v. ell as a much 
discussed problem As long ago as 1801 Benjamin Rush noted a 
relationship beti'een infected teeth and s; stemic disease However 
little attention vas paid to it unPi Bnlirgs'" Rosenov.'"' and their 
co-v.orkers made extenshe clinical and experimental investiganons of 
this question Rosenov. in 1913 rep-oned experiments in v/hich it vras 
found that the intravenous iniection of streptococci of proper grade of 
virulence may be fohov ed by ulcer of the stomach and duodenum this 
ulceration is due to localized infection and secondarv' digestion On the 
hasts of these expenments the theory* that the usual form of gastro- 
duodenal ulcer may be due to a iocahzed mfection by streptococci having 
eiectiv e afhn»h' for the mucous membrane of the stomach and duodenum 
took definite form In a senes of subsequent studies much evidence 

31 Di^dgcoa L S arc Sarqc-t P V>' The Eras’iiL.s \VJson Lectures on 
Pc'itonu’s A Bactc'o^ogics^ Stac, Lancet l*-73 ISOc 

32 Stc nharter EC A P-el nvnarj' Xote o" tne Expenraentai Production 
oi Gastric U'cers o,. Intraveroi^s Inlect on of ClL-mped Co'on Baczili Boston 2vl 
ft S J 169:81 19l’3 

33 Tarc' E B Furtrc' Oo5er*at.ors on tne Etiology and Pathology oi 
Pept.c Uice' BrU hi J 1,922 1597 

3-t HoTmar .-i.h ert E' penmentaf Gasew and Duodena! InSammatio-i ana 
L'lccr Produced *' Un SpiCihc Orcansm jrulh'ung Keen’s Postulates Am, J. if 
Sc. 170:212 1925 

35 Rush Eenjamir Quoted !>: Du'*e vV vV Oral Sepsis m Its RelaEon to 
S' s'cmlc Djsease St Eo^ s C v ifosoy Comoary 1918 p 12— 

35 Bid ngs Fra" * Ov-on c Irfect.o-s E"Cocarditis Arcr. Int. ifed. 4'-09 
fXo* J 190 

37 Roscro". EC T^^e Product on of Uker of the Sto“ach oy the Injection 
of Streptococci T .-v if A 61:19-7 fXo*. 29) 1913 The Cacsation of Gastric 
a-d Duoaenaf Uke- oy St-entococci J Infect Dis 19:533 1916- Specinc-n of 
Stre otococcus oi GastroCuoae—al ulcer a*ia n nacto.s Dete It.^ 

Locaozatlon h Insect D’S 33 2-S 1923, Studies on Elective Local. zation. Focal 
In Act. 0*3 *' jtn SBec.al Retercnce to Oral Seps's J Dent Re^ i,20u 1919 
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in support of this theoi}^ has been reported In 1914, Rosenow and 
Sanford lepoited the observation of diplococci in the tissues in a series 
of chronic ulcers excised at operation Rosenow, in 1915, leported the 
isolation of stieptococci (fiom excised ulcers and from foci of infection in 
patients suffeiing fiom peptic ulcer) which had elective affinity for the 
stomach and duodenum when injected intravenously into animals and 
which produced hemorrhage and ulceration in a high percentage of these 
animals He also showed that this did not occui with streptococci 
obtained from the metastatic lesions and fiom foci of infection in 
patients free from ulcer In a further expeiimental study with strepto- 
cocci from ulcer, lepoited in 1916, he showed that the ulcers produced 
by the injection of stieptococci lesembled the ulcers of man in situation, 
in gross and microscopic appearance and in their tendency to peiforate 
and to persist along the lessei curvature, in the pyloius and in the first 
pait of the duodenum The streptococcus was frequently demonstrated 
microscopically in the hemoirhagic and ulceiated areas, not only in the 
lesions of the stomach and duodenum of animals injected intravenously 
with the ulcer-producing streptococcus but also m the chronic jejunal 
ulceis of dogs Rosenow also isolated a similar streptococcus from 
spontaneous ulcers of the stomach of the dog, calf, cow, sheep and 
swine, which had elective affinity foi the stomach of animals when 
injected intravenously It is also of significance that in five of seven 
chronic jejunal ulcers in dogs pioduced by the duodenal diainage method 
of Mann and Williamson, he also was able to isolate a sti eptococcus with 
similar selective action 

In 1923, he again published further corroboi ative data showing that 
the ulcer-foiming streptococcus produces a poison within itself and also 
a flee poison in bioth cultures which, when injected, injures selectively 
the gastric and duodenal mucosa and produces hemoiihage, leukocytic 
infiltiation and ulceiation By immunizing one gioup of rabbits to ulcei 
strains and another group to encephalitis strains of streptococci, and 
then injecting all the rabbits with vulnerable doses of living ulcei - 
forming streptococci, he found that ulcers did not form m the animals 
immunized to the ulcei stiains Avhereas they did appear in the control 
rabbits immunized to encephalitis strains He also found that labbits 
immunized to ulcer-producing streptococci obtained fiom the ulceis in 
dogs were immune to the ulcer-pi oducing stieptococci obtained from 
ulceis in man 

Meisser,^® working with the streptococcus from oial foci of infection, 
was able to show that in animals injected intravenously with these organ- 
isms lesions usually de^ eloped which were similai to those of the patient, 

38 kleisser, J G Further Studies on Electue Localization of Bacteria from 
Infected Teeth, J Am Dent Assn 12 554, 1925 
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while the injection of equally laige doses of stieptococci fioni the saliva 
01 mucosa of the mouth m most instances failed to pioduce any 
specific lesions He also pioduced chionic foci of infection in dogs by 
devitalizing and infecting then foui cuspids with stieptococci isolated 
fioni the infected teeth of patients suflfeiing fioni ulcei of the stomach 
In 65 pel cent of these dogs hemoiihages oi ulceration or both weie 
produced Section of some of these areas showed definite scan mg and 
othei evidences of chiomcity Of thiity-foui dogs in which Rosenow 
and Meissei infected the teeth m exactly the same mannei with strains 
of stieptococci fiom nine patients suffeiing fiom nephiohthiasis, thiity 
developed lesions in the genito-uimaiy tiact In none were any gastio- 
duodenal lesions pioduced 

Haden lepoited a senes of twelve cases of peptic ulcei in which 
he made a study of foci of infection in dental areas, and he obtained 
localization m the stomach and duodenum in 53 per cent of foity-five 
rabbits injected Foi contiol, 535 rabbits were injected intravenously 
with cultures from dental foci of patients not known to be suffering 
from peptic ulcer, similar lesions were manifested m only 7 per cent 
of the rabbits given these injections 

Nakamiua,‘° studying elective localization in cases of ulcei of the 
stomach in Rosenow’s laboratory, found gross evidence of infection of 
the tonsils m nine selected cases of gastric or duodenal ulcer In forty- 
six (70 per cent) of the rabbits injected with the strains isolated from the 
tonsils of the nine patients, hemorrhages or ulceration or both were found 
111 the mucous membrane of the stomach or duodenum, in contrast to 
lesions of the joints m 30 per cent, of the muscles in 2 per cent, of the 
heart in 6 per cent and of the kidneys m 4 5 per cent 

Flick stated that according to his clinical experience there seems to 
be no doubt that Rosenow’s theory of the elective affinity of a specific 
streptococcus, of a certain grade of virulence, for the gastric or duodenal 
mucosa is correct and that a specific streptococcus is the common cause 
of peptic ulcer 

In the wall of a duodenal nicer which was the source of hemorrhage 
m an infant dying with melena neonatorum, Kennedy demonstrated 
giam-positive streptococci, morphologically like those found in ulcers 
in men 

39 Haden, R L The Elective Localization of Bacteria in Peptic Ulcer, 
Arch Int Med 35.457 (April) 1925 Haden and Bohan, P T Focal Infection 
in Peptic Ulcer, J A M A 84 409 (Feb 7) 1925 

40 Nakamura, T A Study of Focal Infection and Elective Localization in 
Ulcer of the Stomach and in Arthritis, Ann Surg 79 29, 1924 

41 Frick, Anders Aledical Treatment of Peptic Ulcer Without Alkali, J A 
M A 82 595 (Feb 23) 1924 

42 Kennedy, R L J Etiology and Healing Process of Duodenal Ulcer in 
Melena Neonatorum, Am J Dis Child 31 631 (May) 1926 
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Smithies stated that 33 per cent of his 522 pro\ed cases of gastric 
ulcer were infectious in origin White and Stewait stated that as a 
result of all evidence presented, they believed that infection and intoxica- 
tion are the most important direct causes of acute ulcer Eusterman 
summarized the clinical evidence for the infectious origin of peptic ulcer 
in the light of recent experimental work and expressed the opinion that 
in certain t3'pes of ulcer it is the onl}'^ tenable theory at this stage of 
medical progress 

Certain recent observations of foreign investigatoi s on the resected 
ulcer of man corroborate the work done in this country Konjetzney^' 
found a high percentage of gastritis or duodenitis about these resected 
ulcers, and Kalima found ewdence of gastritis in all resected specimens 
of ulcer Puhl showed that all cases of peptic ulcer are accompanied 
by gastritis or duodenitis of more or less severity, most marked in the 
region of the p}loric glands In his series of 140 resected gastric and 
duodenal ulcers, he found numerous small erosions even far distal to 
the chronic ulcer, superimposed on an inflammatory process Theie 
were all g-radations from the acute hemorrhagic erosion to the chronic 
ulceration He was therefore inclined to behev'^e that the same factors 
which initiated one initiated the other He was able to demonstrate 
bacteria in the sections, chiefly gram-positive diplococci, but was unable 
to culture an^ of them, and therefore did not draw any definite con- 
clusions concerning them 

In a recent paper, Moutier said that he had been able to demon- 
strate the diplostreptococcus deep in the inflammatory zone surrounding 
the ulcer He said that since the organisms are most numerous adjacent 
to the muscularis, they cannot be the result of contamination, and that 
therefore certain peptic ulcers at least are infectious in origin 

The mass of accumulated data, both clinical and experimental, shows 
that the probable cause of ulcer is still a subject of much debate among 
clinicians It is universally agreed that the fundamental change per se 
m the gastric or duodenal mucosa is imparied nutrition in a localized 

43 Smithies, Frank Significance of Etiologic Factors in the Treatment of 
Peptic Ulcer, J A Jil A 74 1555 (June 5) 1920 

44 White, F W The Etiology and Patholog}’' of Perforating Gastric and 
Duodenal Ulcer, Boston j\I & S J 177 555, 1917 

45 Stevart, J The Pathologj of Gastric Ulcer, Bnt ]\I J 2 955, 1923 

46 Eusterman, G B Clinical Notes on Recurrent Ulcer of the Stomach and 
Duodenum , Incidence, Diagnosis and Etiology, Almnesota j\Ied 6 698, 1923 

47 Konjetzne\, G E Die chronische Gastritis des Ulcusmagens, Zentralbl 
f Chir 1 1026, 1923 

48 Puhl, Hugo Ueber die Bedeutung entzundhcher Prosesse fur die Entste- 
hung des Ulcus lentricuh et duodeni. Arch f path Anat u Physiol 260 1, 1926 

49 Moutier, F Etude anatomo pathologique Les etapes mfectieuses de 
1 ulcere. Arch d mal de I’app digestif 16 18, 1926 
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aiea "with subsequent neciosis, sloughing and digestion in the injured 
aiea the coiiosive action of the acid gastiic juice The mechanical, 
coiiosive, thioinbotic, embolic and neurogenic factors are emphasized 
by the exponents of the difieient theoiies The theory of infection, 
howevei has gained moie piominence in lecent years chief!)' as a result 
of the woik of Rosenow and Ins co-woikeis, yet all gasti o-eiiterologists 
do not giant that the chief cause of ulcer is a specific streptococcus, 
although the vast inajoiity considei the focus of infection as at least 
pai tl)' 1 esponsible 

One of the best proofs of a causal lelationship of bacteria to systemic 
disease is the leproduction of the patient’s lesion in animals by the injec- 
tion of the oiganisms isolated fiom the lesion or the septic foci of the 
patient Ability to lepioduce the lesions in this way not only clarifies 
the etiology, but demonstrates the specificity of ceitain oiganisms for a 
paiticular type of tissue which Rosenow has so aptly termed “elective 
localization ” 

EXPERIMENTAL INVESTIGATION 

The present investigation was undei taken to prove or dispi ove certain 
impressions gained in a study of peptic ulcer which seemed to have an 
important beaiing on the etiology of clinical peptic ulcer As the work 
of Rosenow and of otheis who have followed his technic has shown 
coiiclusnely that a specific sti ejitococcus is harbored by the patient 
suffering fiom ulcei, and that when isolated and inoculated into animals 
this oiganism will pioduce lesions similar to those in man, and since 
in many cases of piimaiy oi lecuinng ulcer there is rathei marked 
eiidence of focal infection, two gioups of cases of ulcer were studied 
In one group, a senes of consecutive cases extending ovei a period of 
SIX months was studied to determine whethei stieptococci weie being 
harboied in eveiy case, this was done so far as such investigation was 
permitted and desnable clinically The next step was to determine 
whethei acute and subacute lesions could be repioduced in animals by 
intravenous injection, and chionic lesions by inoculating the organisms 
into the devitalized teeth of dogs In the second senes of eleven cases 
of peptic ulcei resected at opeiation, the lesected ulcei s as well as the 
suspected foci weie carefully investigated for ulcei -producing strep- 
tococci 

Techmc — The method of obtaining the culture varied with the focus If the 
focus was the tonsil, a culture was obtained by using a small laryngeal mirror 
with the mirror so bent as to be almost m a straight line with the handle The 
tongue was depressed with an illuminated tongue depressor and the sterilized 
laryngeal mirror was then inserted between the tonsil and the anterior pillar, and 
pressure applied backward and mesially toward the base of the tonsil This pro- 
cedure caused necrotic and puslike material to ooze from the depths of the crypts , 
the material was then scooped up with the laryngeal mirror and transferred with 
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a sterile swab from the mirror to a tube containing 2 cc of gelatin-Locke solution, 
from uhich cultures were made in various mediums 

If the focus was a tooth, the operative field was wiped off with sterile gauze, 
painted with 2 per cent iodine followed by alcohol, and then dried with sterile 
gauze The tooth was then extracted with sterile forceps, and while still held in 
the forceps, its apical one-fourth was nipped off with sterile nippers into small 
tubes containing Locke’s solution and white sand, according to Haden’s method 
This was shaken for ten or fifteen minutes and then inoculated into the various 
culture mediums 

If the focus was the prostate, the glans was washed with soap and water 
followed by a sterile solution of physiologic sodium chloride Then the posterior 
and anterior urethra were copiously irrigated with a similar sterile solution The 
prostate was then massaged and the expressed material caught directly in tubes 
containing gelatm-Locke solution for culture If the cervix was the suspected 
focus, a sterile speculum was used , a sterile swab was used to wipe off the exter- 
nal part and to secure superficial micro-organisms, while a second one was inserted 
into the canal or anj'- eroded places for a culture 

The surgicall}’^ resected peptic ulcers were cultured immediately after being 
excised A portion of the ulcer was thoroughly shaken in three changes of sterile 
solution of sodium chloride to remove as much superficial contamination as pos- 
sible, then emulsified in a sterile manner in a mortar with white sand and 4 cc 
of sodium chloride solution , cultures were then made from this emulsion All of 
the cultures were plated aerobically on blood-agar plates, and inoculated into glu- 
cose-brain agar and glucose-brain broth with and without a top layer of petrolatum 
(not liquid petrolatum) made according to Rosenow’s method 

The blood-agar plate served as a control, especially in cultures from teeth, 
because the large majority of the strains which produced lesions in rabbits, when 
in the primarj culture, grew poorly or not at all on blood-agar plates The tall 
tubes of glucose-brain agar kept the colonies separated and were therefore a good 
index of the degree of infection present The glucose-bram broth furnished the 
correct 0x3 gen tension for grouth, and such cultures were used for animal experi- 
ments In all of the experiments, the rabbits were taken from a common stock 
used also b} mi estigators in other fields of research without special regard to 
pedigree as long as they were health}’- Freshh-^ isolated cultures, approximately 
from eighteen to twent3^-four hours old, were inoculated intravenously into the 
marginal ^eln of the ear m dosages varying from 2 to 12 cc, depending on the 
size of the rabbit and the density' of the culture This injection was repeated 
once or twice with rapidly made subcultures, depending on the condition of the 
rabbit or the particular purpose of tne experiment For example, repeated injec- 
tions w'ere given when we w'lshed to produce lesions m various stages of healing 
The size of the doses also \aried because the production of lesions in animals by 
injection of streptococci is not a stereotyped and constant occurrence as is the 
ability of the bacillus of tuberculosis to infect guinea-pigs, the localizing pow'er of 
strains -vanes in the rabbits just as it produces inconstant effects in man Hence 
the dosage was ^arled in order that somew'here in that range w'e might produce all 
conditions suitable and reproduce in the animal the lesion of the patient The 
a\erage length of life of the rabbit was five or six days The majority of the 
rabbits w'ere chloroformed Necropsy w'as performed as soon as possible after 
death because of the rapid postmortem changes w'hich occur in the stomach None 
of the dogs was chloroformed, but all w'ere allow'ed to Ine indefinitely', they were 
examined as soon as possible after death 
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RESULTS 

Of the eighty consecutive cases studied, oiih one failed to leveal a 
focus at the time of admission This was a case of primary duodenal 
ulcer Septic tonsils and two infected teeth had been remo\ed a few 
weeks prior to registiation because of choroid retinitis In all of the 
remaining se\ ent} -nine cases, eighteen of recurring and sixty-one of 
primar}' ulcer, one or moie foci of infection were found in teeth, tonsils 
or prostate The green-pioducing stieptococcus vas isolated either in 
pure or in mixed cultuie, and when injected intra\ enously into labbits, 
produced hemorrhages eiosions oi ulceianons in either the stomach oi 
the duodenum or m both In the thiee women in our first series, all 
the cultures from the cenix were negatne or of no consequence 

The prostate vas found to be the onh apparent focus of infection in 
ten cases and one of seAeral foci in thirt}-one of the se^enty-slx cases in 
men In tv ent} -three of these the infection in the prostate was clinically 
graded 1 or 2, while in one case in which the prostate was normal 
clinicalh . a culture }ielded a puie giow'th, a gi een-producing streptococci 
which produced lesions wdien injected into animals The tonsils or 
tonsillar tags furnished the onh recognizable focus in tw ent} -nine cases, 
and in onl} ele\en of these were the tonsils consideied septic clinically 
The teeth sened as the onh demonstrable focus in tw^ehe cases The 
majority of the teeth from which cultuies weie taken were devitalized 
but roentgenological!} negatne They were found to be infected, how'-- 
e\er, as often as w^ere the dcMtalized loentgenologically-positive teeth, 
and cultures fiom their apexes often produced more typical lesions of 
the stomach and duodenum of rabbits than did the cultures of the 
de\ itahzed, roentgenological!} -positn e teeth 

One hundred and three stiains of green-producing streptococci were 
obtained from \arious foci of the 61 cases of primary ulcer, these 
were injected into 219 rabbits (table 1) Lesions of the stomach or 
duodenum w'ere obtained in 137 (63 per cent) of the animals injected 
In contrast to this, lesions were produced in the gallbladder in only 1 
per cent, m the appendix in 8 per cent, in joints in 3 per cent, in the 
kidnejs m 3 per cent and in the heart m 1 per cent Of the 103 stiains 
of streptococci, 27 were lecoiered from dental areas of infection, 
65 animals were injected with the stiains, and lesions of the stomach 
and duodenum were found in 39 (60 per cent) Forty-nine strains 
were obtained from tonsils or tonsillar tags , 106 animals were injected 
with these strains, and similar lesions w^eie found in 76 (72 per cent) 
Twenty-seven strains recoiered from the prostate w^ere injected into 48 
animals, and similar lesions w^ere found in 25 (52 per cent) Of the 34 
strains obtained from 18 cases of recurring ulcer, 7 w^ere from dental 
areas of infection, 21 animals were injected wuth these 7 strains, and 
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lesions in the stomach or duodenum were obtained in 17 (81 pei cent) 
Fifteen strains were obtained from tonsillar foci and injected into 36 
animals, lesions occuried in the stomach or duodenum in 26 ( 72 per 
cent) Twelve strains weie obtained from the prostate and injected 
into 19 animals, in 11 of which (58 per cent) lesions were found in the 
stomach oi duodenum Altogether 34 strains of green-producing strep- 
tococci were obtained from cases of recurring peptic ulcer, these were 
injected into 76 animals, and of these 54 (71 per cent) manifested 
gastric or duodenal lesions In only 2 per cent were there lesions in the 
gallbladder, m 4 per cent in the appendix, in 4 per cent in the joints, in 
5 per cent in the kidney and in 1 per cent in the heart (table 1) 

In contrast to these are the control rabbits (table 1) previously 
leported on by one of us,^° which were injected with cultuies from foci 

Table I — Bxpci nncntal Peptic Ulcei 


Primary Ulcer 


Source of 
Culture 


Percentage of Babbits Having lesions of the 

Number of , ^ — -* 

, ^ 4 Stomach 

Strains Strains Babbits or duo- Gall- Appen- 

Cultured Positive Injected denum bladder di\ Heart Kidnejs Joints 


Teeth 

27 

21 

65 

60 


5 


2 

5 

Tonsils 

49 

SS 

106 

73 

2 
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3 


Prostate 

27 

21 

4S 

52 


10 

2 

2 

2 

Total 

103 

SO 

219 

63 

1 

8 

1 

3 
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Hecurring Ulcer 


Teeth 

7 

7 

21 

81 

10 



5 

10 

Tonsils 

15 

13 

36 

72 


6 

3 

S 

3 

Pi estate 

13 

10 

19 

58 


5 




Total 

Controls (un 

34 

30 

76 

71 

2 

4 

1 

5 

4 

diagnosed) 

77 


190 

3 

2 


3 

2 

7 


in cases in nhich no definite diagnosis was made In this group there 
were lesions of the stomach and duodenum m only 3 pei cent of the 
animals injected, of the heart in 3 per cent, of the joints in 7 per cent and 
of the gallbladder and kidneys in 2 per cent It is readily seen that there 
IS no marked selectivity of the micro-organisms in the control group for 
any part of the body, while the strains isolated in cases of peptic ulcer 
show definite selectivity for the stomach and duodenum 

The localizing power of the streptococcus so constantly found m 
the infective foci in cases of peptic ulcer is further illustrated by the 
results obtained from another series of 11 cases of peptic ulcer in which 
operation rvas performed At operation, gastric ulcer was found m 4 
of the 11, duodenal ulcer in 4 and gastrojejunal ulcer in 3 In 10 of 
these 11 cases, the green-producing streptococcus was isolated from the 

SO Nickel, A C The Localization in Animals of Bacteria Isolated from 
Foci of Infection, J A INf A 87 1117 (Oct 2) 1926 
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lesected tilceis, and all 10 stiains pioduced specific lesions in rabbits 
In 28 of 31 labbits injected intiavenoiisly with these stiains, hemorrhagic 
eiosions or nlceis weie found in the stomach or duodenum (table 2) 
The infective foci in these 11 cases weie investigated in the same manner 
as in oui fii st sei les A tonsillai oi nasophai yngeal cultui e was obtained 
in e\eiy case, and in 9 of the 11 injections into expeiimental animals it 
produced gastiic oi duodenal lesions Of the 22 rabbits injected intia- 
Aenously with these tonsillai and nasophai yngeal cultures, lesions of the 
stomach oi duodenum weie found in 13 Two of 3 cultui es obtained 
fiom the teeth in these cases pioduced gastiic or duodenal lesions in 
labbits, and similai lesions iveie found in 3 of the 8 labbits injected with 
the cultui es fioni the teeth Similarly, 1 of 6 cultui es fiom the prostate 
in this senes contained sti eptococci, and a labbit injected with this cul- 

Tablf 2 — Incidence of Lesions in Rabbits Injected with Sti eptococci Isolated 
fiom Opeiative Cases of Peptic Ulcei 


Number of Number of Lesions in 

Stiains Animals , * 

^ 1 t * 1 Stomach Duode 




Pro- 


Show- 

, ^ 

1 

num, 







Source of 


ducing 


ing 

Hem- 

Ul- 

Hem- 

Gall 

Ap- 

In- 




Strepto- 

In- 

Specific 

In- 

Specific 

or- 

cera- 

or- 

bind 

pen 

tes- 



Kid 

cocci 

fleeted Lesions jected Lesions rhage 

tion 

rhage 

der 

di\ 

tine Heart Lungs neys 

Resected 














peptic 

ulcers 














m man 
Tonsils 

10 

10 

31 
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14 
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Teeth 
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Prostate 

1 

i 

1 

1 

1 









Total 



02 

45 

31 

19 

11 

2 


3 

2 

2 

4 

Percentage localization 


13 




3 


5 

3 

3 

7 


true likewise manifested peptic lesions Thus, of 61 animals injected 
with cultui es fiom peptic ulcei s and infective foci in the cases of 
this second series, lesions of the stomach oi duodenum weie found in 
45 (73 per cent), in contiast to lesions of the gallbladdei, heart and 
lungs in 3 per cent, of the intestines in 5 pel cent and of the kidneys m 
7 pel cent 

To determine still fuithei the elective localizing powei of these 
organisms, strains freshly isolated fiom labbits with definite lesions 
of the stomach or duodenum were intioduced into the pulp chambeis of 
dogs’ teeth in the hope of stimulating a chronic dental focus in man In 
some of the dogs only the pulps of foui teeth weie infected, in otheis 
gastro-enterostomy also was pel formed In both gioups of 
dogs, those that lived only several months manifested submucous 
hemoiihagic lesions about the gastro-entei ic stoma and distal loop 
of bowel, while in those that lived a year or longer definite chronic 
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ulcerations tended to form on the lesser cuivatiue of the stomach or m 
the distal loop of the bowel, in several, peiforation occurred At 
necrops} a roentgenogram of the infected teeth fiequently showed rare- 
faction at the apex, and the majoiity of the cultures obtained from the 
pulp chambeis, as long as one and two-thirds years after inoculation, 
contained the living streptococcus which still maintained its ability to 
localize electively in the stomach and duodenum of labbits when injected 
intravenousl} 

ILLUSTRATIVE CASES OF PEPTIC ULCER 

Case 1 — A Russian Jew, aged 39, entered the Mayo Clinic in June, 1923, with 
a history of “stomach trouble” for the previous nine years This distress began 



Fig 1 (case 1) Section through the side wall of a resected gastric ulcer of 
man showing marked cellular infiltration and necrotic material near the base 
Hematoxjim and eosiii stain, X 25 


as a dull pain in the epigastrium, at times accompanied by vomiting, and he often 
complained of flatulency Definite symptoms of ulcer could not be elicited from 
the history In January, 1915, appendectomy gave no relief Three months later, 
gastro-enterostomy was performed and five months later, a second gastric opera- 
tion (nature unknown) The patient was somewhat relieved for two months, he 
then vent on a general diet and soon after began to complain of rather severe 
pain in the lett side of the epigastrium, this pain was relieved by food However, 
he suffered from continuous “full-pressure” pain m the same region He followed 
the Sipp\ diet for three jears, but was not greatly relieved He did not vomit 
and did not ha\e a hemorrhage 
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The patient’s physical condition was poor The Wassermann test of the blood 
was negative The total gastric acidity was 56 and free hydrochloric acid 42, 
a roentgenogram of the stomach was normal Pyorrhea was present (graded 2), 
and there were four infected roots of teeth Because of the persistence of the 
complaints and the presence of an indefinite mass to the left of the navel, an 
exploratory operation was performed on June 23 The stomach "was adherent to 
the anterior abdominal wall at the site of a previous anastomosis, and at this site 
there nas a perforating ulcer with a crater 1 cm in diameter The ulcer was 
excised and the anterior gastro-enteric anastomosis reconstructed The patient 
improied after this operation, gamed weight and had no gastric complaints for 
about one j ear Because of trouble with the teeth and sore gums, all of the teeth 
and supposedly the root tips were extracted m August, 1924 The patient had 
failed, his mouth was sore, and he had lost 10 pounds (4 5 Kg ) m weight, which 
were never regained He returned to the Mayo Clinic m January, 1926 Ten or 
eleven months prior to this, the old epigastric pain recurred and was constant 
except when temporarily relieved by food and alkali , at times it was severe, even 
when he nas on a soft diet There was a distinct mass to the left of the umbili- 



Fig 2 — ^lany diplococci found in the depths of the wall of the ulcer, shown 
in figure 1 Gram-Weigert stain , X 1000 

cus, winch y\as tender The tonsils were medium-sized and contained soft plugs , the 
prostate was normal clinically and negative culturally, but there were five remain- 
ing tooth root tips The roentgenogram of the stomach revealed a gastrojejunal 
ulcer At operation it was found that the ulcer had recurred m the anterior 
portion of the stoma and was attached to the anterior abdominal wall m the scar 
tissue The ulcer was 4 cm m diameter and 2 cm deep The anatomosis was 
separated, the crater in the abdominal wall excised, the jejunum closed and the 
pyloric two thirds of the stomach resected Section of the ulcer stained by the 
Gram stain revealed the diplococcus deep m the inflammatory tissues The root 
tips were removed In two of the four animals injected with the cultures, 
duodenal lesions were found Cultures of the tonsils consisted of almost pure 
green-producing streptococci The three rabbits injected with the culture from 
the tonsils manifested gastric or duodenal lesions 

The patient was free from symptoms on dismissal from the clinic One year 
later, he returned for reexamination He said that he had not any gastric distress 
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C \SE 2 —A. man, aged 31, said that he had had periodic gastric distress since 1918, 
which he described as a gnawing pain two or three hours after meals, accompanied 
at times bj tarr\ stools and flatulency and vomiting wdien he had eaten a heavy meal 
Two courses of medical treatment in the hospital relieved the simptoms for a few^ 
months For two months prior to coming to the Mayo Clinic, he had suffered 
from gastric distress and \omiting dail} 

On examination, considerable tenderness was found in the midepigastrium 
The sistolic blood pressure was 120 and the diastolic 85 Total gastric acidity 
was 40 and free Indrochloric acid 20 A roentgenogram of the stomach revealed 
a perforating ulcer on the lesser cur\ature At operation, two large perforating 
gastric ulcers were found near the lesser curvature, wnth considerable inflam- 
maton reaction (fig 1) Partial gastric resection, Billroth II, and appendectomy 
were performed 

In cultures made from emulsions of a portion of the resected ulcer there were 
green-producing streptococci, streptococci were also found in sections of the 
rtwcted ulcer (fig 2) All of the rabbits injected wnth this primary culture 



I ig 3 — Diffuse submucous hemorrhages in the first portion of the duodenum 
of 1 rabbit injected seieral times with a freshly isolated culture from the tonsil 
of a patient haiing peptic ulcer Note also the hemorrhagic ulceration of the 
luiidus , X 1 

manifested gastroduodenal lesions Similar lesions w'ere found in rabbits after 
the' had been injected with cultures (from the patient’s ulcer) passed once and 
twice through animals In cultures from the patient’s tonsils green-producing 
streptococci were found, which also produced hemorrhagic erosions w'hen injected 
into two animals 

PATHOLOGIC OBSERVATIONS 

The predominating caiisatne organism m all of these expeiiments 
Avas found to be a green-producing streptococcus Morphologically and 
according to sugar reactions, it was often indistinguishable from other 
green-producing strains of streptococci which were isolated in cases of 
arthritis, mrositis and othei conditions However, wdien injected mtra- 
\enoush into rabbits and w'hen inoculated into the teeth of dogs, it had 
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a marked tendency to localize m the stomach and duodenum instead of 
m the muscles, nerves or joints In primary cultuie it grew poorly or 
not at all on a blood-agar plate, but it grew readily in partial-tension 
mediums, such as Rosenow’s glucose-brain broth The lesions pioduced 
b} the stieptococci weie chiefly in the duodenum or pyloric poition of 



Fig 4 — Blood-distcndcd m11i, with loss of glandular structure, of the hemor- 
rhagic portion of the duodenum show n in figure 3 Hematoxylin and eosm stain , 
X120 



Fig 5 — Diplococci scattered through all layers of the duodenum and prac- 
ticalb occluding some of the smaller blood vessels beneath the hemorrhages of 
the duodenum showm in figure 3 Gram-Weigert stain , X 1000 

the stomach and sometimes in the fundus When in the fundus they 
tended to heal rapidly, while in the pylorus and duodenum, the healing 
was slower, in this respect, the ulceis resembled those found in man 
In labbits which had leceived lepeated injections, necropsy often 
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revealed lesions in Aanous stages of healing, which seemed to indicate 
a relationship between the lesions and the injected mateiial (fig 3) The 
lesions of the stomach and duodenum both in rabbits and in dogs 
resembled those induced by Rosenow and Meisser They consisted 
of submucous petechial hemorrhages, definite erosions with a hemor- 
rhagic center and well-formed ulcers, often associated with free blood 
in the lumen The petechial hemorrhages were generally superficial 
and multiple, and were widely disseminated in the stomach, but when 
they occurred in the duodenum, they were almost always confined to its 
first portion between the pylorus and ampulla In advanced conditions, 
the hemorrhagic aieas were often confluent and the glandular structure 
could hardly be diftei entiated (figs 3 and 4) These hemorrhages were 
sometimes beneath the muscularis but more often nearer the surface of 



Fig 6 — A solitary duodenal ulcer on the posterior wall of the duodenum of a 
rabbit injected with a tonsillar culture on three successive days The rabbit was 
chloroformed on the fourth day , X 1 

the mucosa, frequently the villi were so distended with blood and fluid 
that the content of the villus ruptured thiough the mucosa into the lumen 
of the stomach or duodenum The amount of cellular infiltiation varied 
but vas netei extenswe The bacteria were usually numeious, and 
sometimes weie clumped inside the vessel wall almost occluding the 
lumen (fig o) In other instances, many such hemorrhagic areas were 
found, some of which had sloughed awaj'^, leaving definite erosions or 
ulcers with a base which sometimes consisted of submucosa or even of 
muscle, and which was covered Avith varying amounts of necrotic 
material (figs 6 and 7) In these cases there was edema throughout 
the tissues The nuclei of the stu rounding cells weie indistinct and 
stained pooiK, and theie was definite round-cell infiltiation wdiich often 
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extended down into the musculaiis Streptococci were often found 
mixed with equal numbeis of other micio-organisins in the superficial 
necrotic layers However, in the depths of the mucosa and submucosa 
and beneath the necrotic mateiial, these other micro-organisms were not 
visible, here the streptococci were usually found in pairs near the smaller 
blood vessels (fig 8), fiequentty beneath the muscularis and, m per- 
forating cases, near the serosa 

COMMENT 

Our results agree favorably with those reported previously by 
Rosenow and his co-vorkers and those of Haden and Bohan If the 



Fig 7 — Section through an ulcer of the duodenum of a rabbit Note the 
marked necrosis with loss of tissue, scattered debris, and the marked cellular 
infiltration Hematox} lin and cosin stain , X 60 

results obtained are, as they seem to be, a fan cioss-section of all cases 
of ulcer, they show that the o\erwhelming number of patients suffering 
from peptic ulcer haiboi such septic foci In all but one of all cases of 
ulcer examined, there was one or moie definite infective focus in the 
body at the time the patient registered, from these, streptococci were 
isolated that produced lesions in the stomach or duodenum of rabbits 
when injected mtra\ enously On the other hand, in only compai atively 
few instances were micro-organisms cultured from infective foci in 
cases other than those of peptic ulcer localized in the stomach and duo- 
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denum, when the} did localize there, the lesions were fewer in mimber 
and were not nearly as pronounced 

That the appendix, gallbladder, colon, sinuses or bronchi may also 
become foci of infection for the streptococcus of the ulcer-producing 
t}pe IS possible, especially if the ulcer persists after other foci have been 
eradicated However, our study does not include these foci, because 
the} are generally secondary to some other focus The foci w^e did 
stud} often looked innocent and were clinically mild, and it w^as impos- 
sible to determine by perception, palpation or loentgen-ray examination 
which focus harbored the ulcer-producing organism Mere objective 
clinical examination of a supposed focus is of little importance in deter- 
mining which organism a focus contains No one is able to tell definitely 



Fig 8 — Diplococci scattered m the submucosa adjacent to the smaller blood 
lessels near the musculans mucosa of the ulceration shown in figure 7 Gram- 
eigert stain , X 1000 

from the appearance of a tonsil, the roentgenogram of a deiitalized tooth 
or the palpation of a prostate wdiat kind of organisms are harbored 
therein or to state their biologic characteristics An actual culture is 
the best known method for determining these facts , eren by this method 
buried tonsil tags, root tips or residual areas in edentulous mouths are 
orerlooked unless watched for carefull}, because the local clinical s}mp- 
toms are generall} absent or mild 

In order to e\ aluate the usual surgical and medical treatment wdien 
combined with removal of infectire foci and sometimes the use of an 
autogenous vaccine a questionnaire w'as sent to eighty of our patients 
from seven to tw elve months after their dismissal from the hospital in 
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Older to asceitain then general health, the presence or absence of diges- 
tive distress and then cooperation m the eiadication of any lemaining 
foci of infection Fifty-thiee replies were received and tabulated 
Although geneializations cannot be deduced fiom such a compaiatively 
small series, theie aie some lesults that deseive consideration 

In the cases in which medical treatment was earned out, the ulcers 
weie acute oi bleeding, while in the cases in which opeiation was per- 
foimed, the ulceis weie of a more chionic type There was practically 
as much impiovement following medical management as following major 
opeiations In the gioup of thnty-seven cases in which all known foci 
of infection had been eradicated, the geneial health had improved, 
twenty-nine patients lepoited themselves as well and eight as in fairly 
good health with some gastiic distiess at times There were eight 
patients treated eithei medically or surgically, only pait of whose infec- 
tive foci had been eradicated , at the time of the questionnaire, two of 
these patients were well, five weie in fair health and one was unim- 
proved Of the eight patients who leceived either surgical or medical 
treatment but did not cooperate with oui request to have evident infec- 
tive foci lemoved, only one was well, thiee were in fairly good health 
and four stated that they were unimproved Thus in the majority of 
cases of peptic ulcer, theie weie definite foci of infection which contained 
streptococci having definite affinity for the stomach and duodenum, in 
the majoiity of cases in which such foci weie eiadicated, the patient was 
well and free fiom symptoms from seven to twelve months later 

Autogenous vaccine was given to seven patients One of the seven 
was not benefited by it after using it for seveial months, he, however, 
had neglected to have septic tonsils lemoved Of the lemaining six, the 
septic tonsils of one weie removed only two months befoie this aiticle 
was written, and he is in fanly good condition, the other five are 
enjoying good health 

SUMMARY AND CONCLUSIONS 

1 Foci of infection bear a definite etiologic lelationship to primary 
and lecuinng peptic ulcers, they are found in almost every case of 
peptic ulcer, and they have been shown to contain the causative strep- 
tococcus 

2 The favorable results obtained by the lemoval of foci of infec- 
tion in some cases of peptic ulcers which recuried repeatedly after sur- 
gical management indicate that this procedure will help to prevent 
recurrence 

3 The foci in the teeth, tonsils and piostate which were studied were 
often obscure and innocent-looking and generally did not produce local 
symptoms 
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4 DcMtalized, roentgenologicall 3 -negatne teeth, act as a focus of 
infection as often as roentgenologicalh -positn e teeth, according to our 
experimental results 

5 The causatn e streptococcus has been demonstrated in and isolated 
ironi the resected ulcer of man as well as from the foci of infection and 
has produced, electnely, similar lesions of the stomach and duodenum 
i\hen injected intra-v enously into rabbits 

6 The streptococcus which we ha\e isolated consistently in these 
cases IS identical w ith that first described by Rosenow as having etiologic 
importance in the production of peptic ulcer m man, and it provides a 
means for actne immunization wnth specific autogenous vaccine 
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Paulson,’- being impiessed by the accessibility, the thin mucous mem- 
brane and the abundant blood supply of the sublingual space, was one 
of the first to lecommend the sublingual administration of drugs His 
experience led him to believe that ditigs weie rapidly absoibed when 
administeied in this mannei Other clinicians have held the same view, 
and lecently Fantus “ has advocated the use of this method But what 
evidence is theie that diugs are leadily absoibed fiom this spaced 

As fai as we know, quantitatne studies to deteimine the selective 
absorption capacit}'- of this membrane have not been made The claims 
found in the liteiature are, for the most part, based on clinical impies- 
sions It IS known that the effects of certain diugs aie manifest soon 
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aftei then sublingual admmistiation , at times, foi example, the effects of 
nitroglycerine seem to appeal within a few seconds aftei its introduction 
Atropine and morphine, given the same way, usually act aftei a few 
minutes In such instances, it is difficult to say how the diug entered 
the circulation Seconds of distaste seem long to the patient, and the 
saliva with the drug is often swallowed soon after the diug is admin- 
istered The favoiable effects are then due to intestinal absoiption, and 
these may appeal early with ceitain diugs 

Bachem,^ Mendel,^ Tiacy ° and otheis have claimed selective absoip- 
tion pioperties for the sublingual and oral mucous membianes, but they 

1 Paulson, W Sublingual Medication, Practitioner 97 389 (Oct ) 1916 

2 Fantus, B The Technic of Medication, J A M A 87 32-33, (July 3) 

1926 

3 Bachem Resorption von Arrneimitteln in der Mundhole, Klin Wclinschr 
3 461 (March 11) 1924 

4 Mendel, F Die perlinguale Application dei Medikamente, Munchen med 
Wchnschr 69 1593 (Nov 17) 1922 

5 Tracy, FA A Bit of Hormonolog}', with Practical Applications, IMedi- 
cine and Surgery, January, 1918, p 38 
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ha\e not offered sufficient evidence Conclusions weie drawn from clin- 
ical impressions and unsatisfactoiy experiments The need for more 
definite information in a subject of practical importance suggested the 
present im estigation The study was conducted as follows A known 
amount of drug was placed beneath the tongue in the sublingual space, 
and after a given length of time, the contents were washed out and 
studied quantitatively to determine the exact amount of drug unabsorbed 
This test IS simple and gives definite information 

We used this technic in making studies with morphine sulphate 
The lesults show that morphine sulphate m the form ordinarily admin- 
isteied IS not appreciably absorbed by the sublingual mucous mem- 
biane In seven expeiiments in which quantities of 10 and 15 mg of 
powdered moiphine sulphate were placed under the tongue for periods 
of fii e and ten minutes, from 65 to 90 per cent of the drug was recoA'- 
eied Alloiving for loss both m lecovery from the mouth and in’ the 
detei mination, we would estimate that probably less than 10 per cent, if 
any at all, of the total diug was absorbed 

TECHNIC AND METHOD 

The quantitative determination of morphine was made according to 
the method outlined by Gauss,® which employs the Marquis reagent for 
the quantitative estimation by means of a colorimeter This reagent is 
prepaied by adding one part of formaldehyde, U S P , to 20 parts of 
concentiated sulphuric acid When added to the smallest peiceptible 
amount of pure dry morphine, it immediately gives an intense purplish 
blue color This delicacy makes it well suited for quantitative use 
^^’hen the morphine is nearly pure, extraction is unnecessary, and a direct 
determination can be made, as follows Prepare a standard by evaporat- 
ing an aqueous solution containing exactly 1 mg of morphine sulphate 
to di}ness In the same ivay, prepare the unknown in appioximately 
1 mg amounts To each evaporating dish pipet 10 cc of freshly pre- 
paied Marquis’ leagent, and thoroughly mix the coloring by scraping the 
morphine fiom the sides of the dish with a glass lod Match the 
unknown against the standard in a Dubosq colorimeter 

Impurities, paiticularly coloring mattei, necessitate preliminary 
extraction, which is accomplished Avith trichloracetic acid and chloro- 
form ® In this Avay, a high percentage of the alkaloid can be recovered, 
the amount depending on the quantity of morphine present, and the 
amount and character of the material from which it is extracted ® 

6 Gauss, H Colorimetric Method for Estimation of Morphine in Colloidal 
^fixtures and Tissues, J Lab Clin Med 6 699, 1920-1921 

7 Marquis, Eduard Arb des Pharm Inst, Dorpat, 1896, no 14, p 117 

8 Hatcher, R A , and Davis, D The Excretion of Morphine Into the 
Stomach, J Pharmacol & Exper Therap, August, 1925, no 1, vol 26 
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The saliva collected in each experiment vaiied fiom 1 to 5 cc , and 
as only one fifth or one tenth of this was used for a deteimination, the 
impuiities were too small appreciably to affect a direct estimation Less 
than 0 5 cc of pine saliva usually loweis the reading of 1 mg of pure 
moiphme sulphate by 0 1 mg (10 per cent) This amount of saliva 
usually produces a slight gieenish tinge to the blue coloiation, but inten- 
sities are easily matched, and in some expeiiments the colois were almost 
exact Equivalent amounts of pure saliva were added to each standard, 
as a control It was then unnecessaiy to extract with chloioform, which, 
in itself, would entail some loss 

The subjects for these expeiiments possessed clean mouths and 
healthy gums Before each determination, the teeth were blushed and 
the mouth rinsed with distilled water An exact quantity of moiphine 
sulphate was placed in the sublingual space, and aftei an interval of five 
or ten minutes, the contents were drooled into a receptacle and the mouth 
iinsed with a known amount of water which was added to the original 
contents A small loss is unavoidable as some saliva is swallowed 

CONCLUSIONS 

1 The absorption capacity of the sublingual mucous membiane was 
studied by introducing a known amount of morphine sulphate beneath 
the tongue, and later analyzing the contents of the mouth to determine 
the exact amount of drug unabsorbed 

2 The results of these studies show that morphine sulphate, in the 
form ordinarily administered, is not appieciably absorbed by the 
sublingual mucous membrane 

3 A review of the meagei hteratuie on this subject failed to reveal 
sufficient evidence to suppoit the notion that the sublingual mucous 
membrane has the capacity to absorb diugs rapidly On the contraiy, 
the results with morphine sulphate, which is readily soluble in watei and 
quickly absoibed from gastro-mtestmal and rectal mucous membranes, 
suggest that allied drugs aie also little absorbed by the sublingual 
membrane 

4 The sublingual admmistiation of morphine should be discontinued 
485 Commonwealth Ave 



CHEMICAL CHANGES IN THE BLOOD IN 
MERCURIC CHLORIDE POISONING 

MECHANISM AND SIGNIFICANCE OF HYPOCHLOREMIA ^ 

H U TRUSLER, MD 
W S FISHER, MD 

AND 

C L RICHARDSON, MD 

INDIANAPOLIS 

A marked reduction of the blood chlorides ma)^ occur in any patient 
suftenng from mercury poisoning In his fatal cases of poisoning with 
mercuric chloride, Heim ^ obserred a lower concentration of blood 
chlorides than in an} other condition, the lowest figure being 210 mg 
sodium chloride per hundred cubic centimeters of blood In his discussion 
of theories to explain the condition, he concluded that the hypochloremia 
could not be explained by a loss of chloiides from the intestinal tract 
either b} vomiting or by diarrhea As an alternate possibility, he ofteied 
the new that a specific poisoning of vascular membranes or a physio- 
chemical change in the blood permits a loss of sodium chloiide directly 
into the tissues 

Data in proof of either theory have not been offered, and we feel 
that a metabolic change of such fundamental importance merits experi- 
mental imestigation With this point m view, we have studied the 
chemical changes m the blood of dogs and rabbits following the intra- 
\enous injection of mei curie chloride 

EXPERIMENTS 

In the course of these studies, twenty-two dogs and seven rabbits 
ueie killed A stock solution of mercuric chloride, 1 per cent in dis- 
tilled water, was prepaied for intravenous injection The size and num- 
ber of doses M ere varied sufficiently to give a complete check on results 
All injections vere given carefully and slowly to prevent ciiculatory 
accidents and to avoid the confusion of sudden or unusual toxic effects 
The seieral piotocols and tables, selected for detailed study, demonstrate 

From the Department of Surgical Pathology, Indiana University School of 
Medicine, the Eh Lilly Research Fellowship 

^This experimental work was made possible through the courtesy of Dr W D 
Gatch 

* The chemical analyses were done in the department of Biochemistry under 
the superiision of Dr B B Turner and Dr R N Harger 

1 Heim, F Hi pochloremia in Poisoning wuth Mercuric Chloride, Schweiz 
med Wchnschr 55 1085 (Noi 26) 1925 
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the results consistently obtained in each senes of expeiiments Furthei 

1 eduphcation of data is consideied unnecessary 

TOXICITY OF MERCURIC CHLORIDE INJECTED INTRAVENOUSLY 

INTO DOGS 

Dogs showed maiked sanation m their individual reaction to mei- 
cury poisoning by this method Our experiments have shown that a 
single intravenous dose of 1 mg of mercuric chloride per kilogram of 
body weight may not pioduce any significant change m the normal dog 
However, a dog of reduced vitalitj may develop a violent intoxication 
and die within a week following such an injection A dose of 4 mg pei 
kilogram is unifoimly fatal m about thiee days’ time Injections of 

2 and 3 mg per kilogram are fatal after an mteiu^al which may vary fiom 
six days to six weeks Repeated small injections are similarly fatal The 
^arlous changes which occur are consideied in detail thioughout the 
following discussion 

Table 1 — Results of Inft avenous Injection of Mcicunc Chloiidc into Dog 1* 


Mg per 100 Cc of Blood 

A 



/ 

Sodium 

Urea 

Total Nonprotein 

Day 

Chloride 

Xitrogen 

Nitrogen 

0 

470 3 

152 

36 0 

2 

437 3 


37 5 

20 

456 0 

331 

882 

38 

4610 

202 

48 0 


* Ro significant changes followed a single intravenous in 3 ection of 1 mg of mercuric 
chloride per kilogram of body veight 

subacute MERCURIAL POISONING 

In the slowly de\ eloping intoxication which ordinal ily follows the 
smaller injections of mercuiy, only a gradual i eduction in the function 
of the kidney is obseived, as shown by the slow accumulation of nitrog- 
enous elements in the blood Vomiting and marked diairhea do not 
occur, nor a significant change in the blood chlorides There is salivation, 
loss of appetite, loss of weight and lethargy, fiom which state the animal 
may recover or may lapse into a fatal coma 

Dog 1 (table 1) — vigorous animal, weighing 22 Kg , received by 
intravenous injection 2 2 cc of 1 per cent solution of mercuric chloride (1 mg 
per kilogram) With the exception of slight diarrhea and mild salivation in the 
first few days, the animal appeared normal There was a temporary reduction 
in weight, but after six weeks the dog appeared to have entirely recovered 

Dog 2 — A healthy young animal weighing 10 Kg received injections of 
mercuric chloride as indicated in table 2 The dog was penned in a metabolism 
cage and allowed as much water as he wanted but no food Excretions were 
analyzed to determine sodium chloride output The animal appeared essentially 
normal for fourteen days, during which time he had received five injections of 
0 6 mg mercuric chloride per kilogram and two injections of 125 mg per kilo- 
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gram On the nineteenth daj', however, following an injection of 2 5 mg per 
kilogram, he lapsed into coma and died on the tiventy-first da 3 " Histologic 
examination of the kidne 3 's showed the earl 3 ’' changes of acute tubular nephritis 

From a study of the first two piotocols and tables, it will be noted 
that dog 1, following a single intratenous injection of 1 mg mercuric 
chloride per kilogram, showed only a tempoiary slight increase in the 
nitrogenous elements of tlie blood He did not vomit, and there was no 
change in the blood chlorides Likewise, dog 2 endured seven small 
injections of mercuric chloride over a period of two weeks During this 
time the chemical changes in the blood were only those of starvation 
The sodium chloride excretions in the urine were those of a starving 
animal , vomiting did not occur, and there were no changes in the blood 
chlorides On the seventeenth da3% however, he received an intravenous 
injection of 2 5 mg mercuric chloride per kilogram In the twenty-four 


Table 2 — Result of Intravenous Injections of Meicnuc Chloiide Into Dog 2’' 


Intravenous In:ec JJg per 100 Cc of Blood Unne Vomitus 

tions of Mer- * , , * , , 



cunc Chloride, 



Total 


Sodium 


Sodium 


Mg per Kg of 

Sodium 

Urea 

Nonprotem 

V^oliime, 

Chloride, 

Volume, 

Chlonde, 

Daj 

Body Weight Chlonde 

Nitrogen 

Nitrogen 

Cc 

Gm 

Cc 

Gm 

0 

06 

459 

20 5 

438 





3 

06 

459 

13 4 

40 0 

1,350 

29 

None 


5 

06 

4S0 

12 2 

366 





7 

06 

458 

10 6 

286 

700 

1 1 

None 


9 

06 

435 

116 

26 4 





12 

125 

440 

98 

33 7 

560 

07 

None 


14 

1 25 

402 

02 

319 

90 

02 

None 


17 

25 

402 

10 2 

32 5 

ISO 

04 

None 


18 

None 

440 

348 

650 

None 


500 

27 

19 

None 

372 

436 

983 

None 


None 


21 

At death 

429 

1916 

339 6 

None 


None 

2 5t 


* Multiple small injections of mercuric chlonde were given intravenously 
t Washings from pen 


hours which follov^ ed there was 500 cc of vomitus, the titration of which 
jielded 2 7 Gm of sodium chloride The additional 2 5 Gm recoveied 
in the final washing of the pen must also hav e been chiefly the result of 
this vomiting Accompanjang this, there was a sharp reduction in the 
blood chlorides Further losses of chloride did not occur, and the sodium 
chloride content of the blood again rose, conceivabty owing to absorption 
from the tissues In addition to this change, the terminal blood showed 
the nitrogen accumulation of complete urinary suppression 

ACUTE MERCURIAL POISONIKG 

Acute rapidly fatal mercurial poisoning is characterized b}' a sudden 
suppression of urine, a rapid accumulation of nitrogenous elements in 
the blood, and acidosis as shown by a marked reduction of the carbon 
dioxide combined in the plasma and v lolent intoxication Accompanying 
this, there was an excessive loss of chlorides through vomiting and a 
marked reduction in the sodium chloride of the blood 
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Dog 17 (table 3) — During the previous three months, this animal had been 
subjected to deep ether anesthesia on three occasions for experimental study 
Finally, the gallbladder was removed He appeared normal, well nourished and 
healthy As he weighed 19 Kg, he received a single intravenous injection con- 
taining 19 mg of mercuric chloride (1 mg per kilogram) His reaction was the 
violent intoxication characteristic of a much larger dose He was dead at the 
end of SIX days 

Dog 3 (table 4) — A healthy animal weighing 16 Kg received four intra- 
venous injections of 20 mg of mercuric chloride at forty-eight hour intervals 
This dog was penned m a metabolism cage and allowed as much water as he 
wanted but no food There was a sharp terminal reduction m the sodium chloride 
of the blood immediately following an excessive loss of chlorides by vomiting 

Table 3 — Unus^tal Reaction of Dog 17 to the Inti avenous Injection of 

Mcicnnc Chloiide 



Mg per 100 Ce of Blood 

K 

Output in Vomitus, No Urine 

A 


! 


Total 

^ t 

Sodium 


Sodium 

Urea 

Nonprotein 


Chloride, 


Chloride 

Nitrogen 

Nitrogen 

Volume 

Qm 

0 

4S1 

312 

419 



3 

3S7 

117 6 

170 4 

1,300 

7 5 

G 

At deatli 

271 

203 6 

403 6 

730 

4 1 


Table 4 — Mailed Reduction of Blood Chloudcs FoUoiving an Attack of Excessive 
Vomiting as a Result of Intiavenous Injection of Meicuiic 
CJiloiide Info Dog 3 


Intravenous 
Injections of, 

Mg per 100 Cc 



of Blood 

Carbon 

Dioxide 

Urine 

Vomitus 

— 

r 



t 


t 

\ 

Mercuric 



Total Combined in 


Sodium 


Sodium 

Chloride, 

Sodium 

Urea 

Nonprotein 

100 Cc of 

Volume, 

Chloride, 

Volume, 

Chloride, 

Day Mg per Kg 

Chloride Nitrogen 

Nitrogen 

Plasma 

Cc 

Gm 

Cc 

Gm 

0 125 

4591 

14 0 

39 0 

51 cc 





2 125 

470 

78 9 

130 5 

36 cc 

1,200 

25 

None 

None 

4 125 

435 

157 2 

226 4 

27 cc 

400 

0 5 

None 

None 

6 125 

412 

230 4 

449 8 


None 

None 

None 

None 

8 At death 

183 

33-1 4 

555 0 

36 cc 

None 

None 

1,010 

78 


Necropsy on the eighth day showed a marked destruction of the renal tubules and 
necrosis of the liver In the last two days of life, tetany was a marked symptom 

Dog 9 (table S) — An intravenous injection was given of 2 5 mg of mercuric 
chloride per kilogram The dog was penned m a metabolism cage for the collec- 
tion of sodium chloride excretion, allowed as much water as he wanted but no 
other food A reduction of blood chlorides followed an excessive loss of sodium 
chloride by vomiting m the last four days The dog died of tetany Analysis of 
the liver and muscle showed a reduction of the sodium chloride in these tissues 
Necropsy on the eighth day showed cloudy swelling in the parenchymatous tissues 
and the typical necrosis of renal tubules 

Dog 6 (table 6) — One intravenous injection of 4 mg of mercuric chloride per 
kilogram The typical rapidly fatal intoxication followed Necropsy on the third 
day showed total destruction of the convoluted tubules m the kidnej'' and acute 
parenchymatous degeneration m all other tissues The chloride losses are indi- 
cated m the table 
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An analysis of the foiegoing protocols and tables reveals three main 
factors contributing to the fatal course of meicuiic chloride poisoning 

1 Following a massive dose of the poison, a generalized intoxication 
IS rapidly fatal The chemical changes which occur in the blood during 
this interval are insufficient to account for the eaily death The fatal 
mechanism in this case must be direct injuiy to vital centeis 

2 Following doses of less toxicity, the chief damage occurs in the 
convoluted tubules of the kidney Othei things remaining equal, the 
rapidity of the fatal couise is proportional to the reduction of renal func- 
tion which results from this damage to the kidne}’’ 

Table 5 — Results of Intiavenous Injection of 2 5 Mg of Meiciiuc Chlonde Per 

Kilogiam Into Dog 9 


Mg per 100 Cc of Blood 


Diy 

Sodium 

Cblonde 

Urea 

Nitrogen 

Total 

Nonprotein 

Nitrogen 

0 

479 

S3 0 

61 2 

2 

524 

53 2 

SOS 

4 

506 

108 0 

154 6 

S 

287 

430 6 

6001 


At death 


Urine 

Yomitus 

A 

Volume, 

Cc 

' \ /- 

Sodium 

Chlonde, 

Gm 

Volume, 

Cc 

Sodium 

Chlonde, 

Gm 

200 

05 

800 

30 

160 

01 

270 

12 

None 

None 

1,470 

121 


Sodium chloride in tissues Iner, 14 Gm per Kg muscle, 0 73 Gm per Kg 


Table 6 — Result of Intiavenous Injection Into Dog 6, Followed by Fatal Intoxica- 
tion on the Thud Day ' 


Mg per 100 Ce of Blood 

- A 




Total 

Sodium 

Urea 

Nonprotein 

Dt 5 Chlonde 

Nitrogen 

Nitrogen 

0 543 

24 0 

48 0 

2 3S4 

1070 

170 0 

3 316 

At death 

143 2 

1818 


Carbon 
Dioxide 
Combined 
in 100 Cc 
Plasma 


Vomitus 

JL 

Urine 

Volume, 

Cc 

Sodium 

Chlonde, 

Gm 

52 cc 




33 cc 

None 

930 

80 

24 cc 

None 

200 

24 


* One intnvenous injection containing 4 mg mercuric chloride per lyilogram 

3 There is a seiere gasti o-intestmal irritation which in dogs results 
111 excessive losses of chloiides through vomiting Accompanying this 
loss there is a i eduction in the sodium chloride in the blood The gastric 
tetaii}' which lesults ma} of itself be fatal In these experiments we 
have never obseived a marked i eduction of the sodium chlonde in the 
blood which was not explained by losses of chloride fiom vomiting 
Our expel iments with rabbits supply additional evidence of this rela- 
tionship As the rabbit is an animal that does not vomit, avenues for 
excessive loss of chlonde from the body are not found It is significant 
that acute mercury poisoning in rabbits is not accompanied by any 
marked i eduction in the sodium chloride of the blood 
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In these studies of animals it has been evident that the i eduction of 
blood chlorides results directly fiom loss of chloiide thiough vomiting, 
and not f i om any obscure toxic change in the blood oi its vessels This 
view IS m keeping with the conclusions set forth in a previous publica- 
tion ^ concerning the hypochloi emia of acute intestinal obsti uction 

SIGNIFICANCE OF HYPOCHLOREMIA IN MERCURY POISONING 

The vomiting which we have obseived in these dogs lesults not only 
from gastro-intestinal iriitation by the poison, but also as a symptom of 

T \BLE 7 — Results of InUavenous Injection of 3 Mg of Metcunc Chlondc 
Per Kilogram Into Thiec Rabbits 


Babbit 

Number 


Mg per lOO Cc of Blood 

Day 

Sodium Chloride 

Total Nonprotein Nitrogen 

4 

0 

445 5 

33 9 


3 

435 0 

3854 


4 at death 

47S0 

454 5 

5 

0 

463 6 

416 


3 

435 6 

315 6 


4 at death 

495 0 

438 0 

7 

0 

453 7 

47 6 


3 

417 4 

220 5 


4 

445 5 

265 5 


Table S — Results of Infiavenoiis Injections of 4 Mg of Meiciiuc Chlonde Pci 
Ktlogiani and Hypodcimic Injection of Salt Solution 




Mg per 100 Cc 



of Blood 

Carbon 
Diovide f 

Urine 

Vomitius 





r 




N 


\ 




Urea Total Non- Combined 

Vol- 

Sodium 

Vol- 

Sodium 



Sodium 

Nitro- 

protein 

In 100 Cc 

ume, 

Clilonde, 

ume, 

Chloride, 

Day 

Comment 

Chloride 

gen 

Nitrogen 

Plasma 

Cc 

Gm 

Cc 

Gm 

0 


486 7 

230 

45 5 

48 cc 





1 


3891 

35 6 

801 


370 

13 

360 

46 

3 

Dog m severe tet- 










any relieved by 










1,000 cc 1% so- 










dium chlonde 










hypodermically 

305 0 

155 0 

266 5 

21 1 cc 

None 

None 

700 

43 

4 

600 cc 1% sodium 










chloride 

412 0 

107 0 

234 0 


None 

None 

None 

None 

5 

Dog dying 

496 0 

262 0 

410 0 

20 8 ce 

None 

None 

590 

60 


uiinary suppiession As the senioi author ^ has previously shown, dogs 
vomit excessively following the removal of both kidneys or ligation of 
both ureters The significance of the reduction in blood chlorides will be 
considered m detail 

Dog S (table 8) — Dog 5 received mtiavenous injections of 4 mg of mercuric 
chloride per kilogram At the end of three days, he was dying in a state of 
tetany This symptom was relieved entirely by hypodermic administration of 

2 Catch, W D Trusler, H M, and Ayres, K D Acute Intestinal 
Obstruction Mechanism and Significance of Hypochloremia and Other Blood 
Chemical Changes, Am J M Sc 173 649 (May) 1927 
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1,000 cc of 1 per cent sodium chloride There was a marked temporary improve- 
ment The animal lived for two more days The blood chloride remained 
normal, and tetany did not return Necropsy on the fifth day showed the typical 
changes of mercury poisoning 

This expel iment brings out one point which we wish to emphasize 
strongly In the past, many have held the view that gastiic tetanj is 
always associated with a state of alkalosis, as shown by an increase in 
the carbon dioxide combined in the plasma In dogs with mercury 
poisoning, the blood invariably shows a state of acidosis Nevertheless, 
these animals all exhibit marked tetany as the sodium chloride m the 
blood falls below 300 mg per hundred cubic centimeters As is shown 
m table 8, the tetany is relieved at once by restoration of the blood 
chloride level 

Taple 9 — Results of Intravenous Injections of 4 Mg of Meicunc Chlonde 
Pci Kilogiain Into Dog 7, Sodium Chlonde zvas Also Admimstei ed 



Intravenous 

1 D f\^ 

Mg per 100 Cc of Blood 

Urine 

Vomitus 

■ ■ ■ K 


U1 

/ 



t 

\ ! 




2% Sodium 



Total 


Sodium 


Sodium 


OWoTide, 

Sodium 

Urea 

Nonprotem 

Volume, 

Chloride, 

Volume, 

Chloride, 

Day 

Cc 

Chloride 

Nitrogen 

Nitrogen 

Cc 

Gm 

Cc 

Gm 

0 

500 

525 

301 

570 





1 

500 

427 

605 

1110 

480 

20 

2,280 

14 5 

2 

500 

506 

1012 

159 4 

370 

07 

2,160 

52 

3 

600 

552 

120 6 

166 6 

70 

04 

1,960 

64 

4 

500 

570 

1318 

180 7 

130 

07 

830 

42 

5 

500 

551 

193 2 

182 8 

100 

07 

1,860 

51 

7 

None 

44S 

2210 

225 0 

None 

None 

2,430 

79 

S 

At death 

472 

230 0 

306 0 

None 

None 

1,600 

90 


Liver, 2 5 Gm sodium chloride per Kg , muscle, 1 3 Gm sodium chloride per Kg 


We conclude, theiefoie, that gastric tetany is a symptom of hypo- 
chloremia without direct relationship to the concentration of the cai- 
bonate buffer substances m the blood 

The hypochloremia is easily relieved or pi evented by the administra- 
tion of sodium chloride solution The accompanying protocols and tables 
demonstrate, however, that this measuie is of secondary importance in 
mercui}’’ poisoning 

Dog 7 (table 9) — Dog 7 received 4 mg of mercuric chloride per kilogram, 
together with SOO cc of 2 per cent salt solution intravenously During the next 
fi%e days, he received five more intravenous injections of SOO cc of 2 per cent salt 
solution He lived eight days Necropsy showed the typical changes of severe 
mercury poisoning 

As shown m table 10, dog 14 received intravenously a sufficient 
amount of 1 per cent salt solution to maintain a safe level of blood 
chlorides, but he was not benefited thereby His course was practically 
the same as that of dog 15, which did not receive any treatment These 
animals received 2 mg of mercuric chloride per kilogram and lived seven 
and SIX days, respectively Dog 7, table 9, received 4 mg of mercuric 
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chloiide per kilogram (a dose umfoimly fatal in the untreated animal 
m thiee days) In the first five days, howevei, this dog received six 
mtiavenous injections of 500 cc of 2 per cent sodium chloride solution 
By far the greater pait of this salt was lost thiough vomiting The treat- 
ment did, nevertheless, maintain kidney excretion for five days The rate 
of nitrogenous accumulation m the blood was markedly slowed, and the 
animal lived for eight days This favorable action on an overwhelming 
dose of the poison may be taken to indicate therapeutic value in the 
tieatment It seems possible that with a less massive dose of mercury, 
life might be saved by lepeated mtiavenous administration of hypertonic 
salt solution As we have pieviously stated, animals show marked varia- 
tion in their leaction to small doses of mercuric chloride, and for this 
reason we do not have conclusive proof of this therapeutic action 

Table 10 — Results of Intiavcnons Injections of 2 Mg of Meicwic Chlonde 

Info Dogs 14 and 15 




Intravenous 
Injections of 


Mg per 100 Cc of Blood 

Dog 

Day 

Cliloride, 

Cc 

Sodium 

Chlonde 

Urea 

Nitrogen 

lotal Nonprotein 
Nitrogen 

14 

r- 

600 

510 7 

301 

688 


1 

2 

500 

500 

407 0 

802 

108 4 


4 

600 

453 7 

150 6 

222 2 


7 

At death 

463 6 

230 4 

3213 

15 

0 

No treatment 

500 0 

12 4 

40 5 


2 

No treatment 

351 4 

70 2 

142 8 


4 

No treatment 

313 2 

170 4 

214 2 


6 

No treatment 

240 9 

215 4 

376 2 


CLINICAL APPLICATIONS 

The foiegomg results seem to indicate that hypochloi emia should be 
an important consideration m meicury poisoning However, it must be 
remembered that dogs are animals which secrete a high concentration of 
hydrochloric acid into the stomach Furtheimore, they are inclined to 
evacuate the stomach by vomiting at the least piovocation This tendency 
no doubt makes them much more susceptible to a seveie degiee of hypo- 
chloremia than the aveiage human patient During the course of our 
experiments, we did, however, obseive one patient in whom there weie 
significant changes in the blood chloiides 

A woman of 20 years had placed a 7^ gram (049 Gm ) tablet of mercuric 
chlonde m the vagina four days before admission to the hospital There was a 
total suppression of urine, slight generalized edema, tenesmus and diarrhea and 
occasional vomiting The blood contained 193 mg of urea and 416 mg of sodium 
chloride per hundred cubic centimeters She was given daily gastric lavage and 
colonic irrigations of S per cent sodium bicarbonate Other treatment need not be 
discussed at this time After three days in the hospital, the urea had increased 
to 338 mg, and the sodium chloride had fallen to 368 mg per hundred cubic 
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centimeters of blood Thereafter, she was given daily intravenous transfusions of 
normal salt sufficient to maintain the blood chloride level above 400 mg per hundred 
cubic centimeters Her general condition was improved by this measure, but 
urinar}’- suppression remained absolute until the twelfth day Following decapsula- 
tion of the right kidney on this day, there was an excretion of 900 cc of urine 
Following decapsulation of the other kidney on the fourteenth day, there was 
a slight reduction of nitrogenous elements m the blood, and the daily output of 
urine remained above SOO cc Death on the twentieth day seemed to result 
chiefly from a severe pelvic infection due to the extensive necrosis and sloughing 
of the external genitalia 

There are several points of interest in this case, but we aie concerned 
chief!} with the changes in the blood chloiides Though the hypo- 
chloiemia was not allowed to become marked in this patient, it is certain 
that the i eduction was too great to be accounted for by vomiting We 
believe that the loss in this case was brought about by colonic irrigations 
and gastric lavages with alkaline solutions The significance of this is 
evident In any condition which calls foi loutine lavage of the stomach 
01 the intestinal tiact, the dangei of reducing the blood chlorides should 
be borne in mind The danger can no doubt be mitigated by including 
physiologic sodium chloride as a component of such solutions 

We believe that any marked reduction of the blood chlorides is to be 
explained by loss from the gasti o-intestinal tiact In the case which we 
have cited, one othei factor may hav^e been responsible foi the constant 
tendency to hypochloremia This patient showed a mild but progressive 
generalized edema This constant transudation of serous fluid must 
cany sodium chloride from the blood, and if disturbed alimentation pre- 
V ents the intake of salt, a reduction of blood chlorides must occur 

We have seen this mechanism stiikingly demonstrated in a woman 
suflfeimg from cirrhosis of the hvei The teiminal exacerbation of her 
poital obstruction caused anasarca and a rapid accumulation of ascitic 
fluid (from 2 to 6 liteis were removed daily by paiacentesis) After 
seveial days, she showed symptoms of tetany The sodium chloride in 
the blood was found to be 340 mg per hundred cubic centimeters It is 
apparent that a lapid transudation of fluid from the blood may produce 
a significant i eduction of the chlorides 

In the human patient poisoned with mercur}', the tendency to edema- 
tous accumulations in the tissues may be a factor in producing hypo- 
chloremia We feel, however, that the chief cause is loss of chlorides 
from the gastro-intestmal tract 

GENERAL SUJMMARY AND CONCLUSIONS 

1 Dogs poisoned by intravenous injections of mercuric chloride 
suffer a marked reduction in the sodium chloride of the blood, due to 
loss of chlorides through vomiting 
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2 This hypochloi emia, though associated with a lelative acidosis, 
produces gastric tetany The tetaii}, therefore, is not a symptom of 
alkalosis, but occurs in any condition of hypochloremia without diiect 
relationship to the caibon dioxide combined in the plasma 

3 Restoiation of the blood chloride level lelieves and pi events tetany 
but does not otheiwise modify the couise of mercuiy poisoning There 
IS some evidence that 2 per cent salt solution admimsteied intravenously 
may be of value by forcing excretion from the kidney 

4 In the human patient poisoned with mercuiy, the danger of a low 
level of blood chlorides should be boine in mind Other clinical appli- 
cations have been discussed 



THE INFLUENCE OF ALKALIS ON THE SECRETION 
AND COMPOSITION OF GASTRIC JUICE 

III THE EFFECT OF SODIUM BICARBONATE ON THE GASTRIC 
RESPONSE TO HISTAMINE 

T E BOYD, Ph D 

CHICAGO 

Various writers have stated that the antacid effect of sodium bicai- 
bonate depends not only on the direct neutralization of hydrochloric 
acid, but also on a i eduction of the amount of acid secreted m the 
stomach For massive doses of the salt, this depression of gastric secre- 
tion was confirmed in some previously published experiments of mine ^ 
The minimum amount of bicarbonate which could be depended on to 
pioduce this effect, howevei, was found to be about 1 Gm per kilogram 
of bod)’- weight, whether given as a single dose after a meal, or as 
the total daily dose for dogs on prolonged feeding with alkali With 
smaller doses of bicarbonate, within the limits of ordinary antacid medi- 
cation, the secretory response to a meal was on the average slightly 
greater than that found in the contiol experiments 

If the human stomach is as little affected by alkalis as is that of the 
dog, depression of secretion is probably not a factor m any therapeutic 
action which sodium bicarbonate may have If this is given to an adult, 
the minimum dail) amount which might be expected to reduce secretion 
\AOuld be fiom 50 to 75 Gm Keefer and Bloomfield^ have recently 
found that doses of from 1 to 2 Gm do not have any apparent effect on 
secretion in man 

In the present investigation, I have again studied the effect of single 
doses of bicaibonate, using amounts considerably greater, in proportion 
to body weight, than those given by Keefer and Bloomfeld to human 
subjects Instead of food as a gastric stimulant, a standard dose of 
histamine (1 mg of the dihydrochloiide) was injected subcutaneously 
This procedure gives a response which is more constant quantitatively 
than that obtained from repeated feeding of a standard meal ® 

* From the Department of Phjsiologj^ and Pharmacologj , Loyola UniversiU 
School of I^Iedicme 

1 Bo 3 d, T E The Influence of Alkalies on the Secretion and Composition 
of Gastric Juice I The Effect of Prolonged Administration of Sodium 
Bicarbonate and Calcium Carbonate, Am J Phjsiol 71 455 (Jan) 1925, II The 
Effects of Single Doses of Sodium Bicarbonate and Calcium Carbonate, ibid , 
p 465 

2 Keefer, Chester S , and Bloomfield, A L A Quantitative Studj’- of the 
Effect of Sodium Bicarbonate on Gastric Secretion, Bull Johns Hopkins Hosp 
39 379 (Dec ) 1926 

3 Lim, R K S On the Relation Bet\\een the Gastric Acid Response and 
the Basal Secretory Rate m the Stomach, Am J Phjsiol 69 318 (July) 1924 
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Some woik has also been done to deteimme whether or not the 
alkali affects seci etion locally by contact with the gastric mucosa In the 
expel iments lefeiied to in this papei/ the bicarbonate was in all instances 
fed by mouth, and the juice was collected fiom a separated pouch. 
Pavlov’s work indicates that the seci etion of the pouch parallels that of 
the mam stomach, but this relation may not hold tiue undei all conditions 


EXPERIMENTAL WORK 

Adimmsti ation of Bicaihonate by Mouth — Two Pavlov pouch dogs 
weie used, the weights being respectively 10 2 and 11 4 Kg Duiing the 
experimental periods they were kept on a diet of milk and white biead 
The alkali was given in 2 5 oi 5 pei cent solution of water, by a stomach 
tube When this involved giving more than 200 cc of liquid, it was 


Table 1 — Cubic Ccuhvictos of Gastuc Juice Collected Aftei the Admimsti ahon 
of 1 mg of Histamine Diliydi ochlotide 







10 Gm Sodium 




10 Gm Sodium 

10 Gm Sodium 

Bicarbonate in 


Weight, 


Bicarbonate m 

Bicarbonate in 

200 Co with 


Kg 

Controls 

400 Cc Water 

200 Cc Water 

Water ad lib 

Dog 40 

10 2 

15 0 

22S 

00 

19 7 


230 

22 3 

11 2 

15 0 



18 3 

18 7 

79 

12 6 



201 


115 

15 6 



221 






20 7 






18 7 




Mean 


19 7 

21 1 

92 

15 7 

Dog iS 

11 4 

17 0 

19 7 

10 3 

10 8 


IS 2 

17 5 

121 

19 0 



21 0 

23 2 

13 3 

19 4 



17 2 

230 


13 5 



18 5 




Mean 


18 4 

20 9 

11 9 

17 2 


divided into two or more poitions, given one hour apait The histamine 
was administeied one hour aftei the last dose of alkali, and the gastric 
juice was collected for two hours following The secretion in lesponse 
to the same dose of histamine was measured m control experiments 
without bicarbonate Expei iments weie pieceded by a period of from 
twelve to sixteen houis during which the animals weie kept without food 
or water, and none were earned out when the resting or continuous 
secretion exceeded 4 cc per houi An interval of at least foity-eight 
hours was allowed between the injections of histamine 

It was found (table 1) that the giving of 10 Gm of sodium bicai- 
bonate (approximately 1 Gm pei kilogiam of body weight) in 2 5 per 
cent solution did not pioduce any diminution m the amount of juice 
secreted after an injection of histamine The acidity of the juice (not 
shown in the tables) likewise remained undimmished, always being near 
the maximum figure of 0 45 to 0 5 per cent free hydrochloric acid 
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When the same dose of alkali was given in 5 per cent solution, with- 
out additional water, the secretion was reduced (column 3 in table 1) 
The piocedure was then repeated, water being left m the cages for the 
animals to drink at will The secretion was increased until it almost 
equaled the a^erage obtained in the control experiments (column 4, 
table 1) 

Because of this difference in effect between the dilute and concen- 
trated solutions, it seemed likely that the latter acted through some 
influence on the water supply to the gastric glands According to this 
hypothesis, a saline cathartic in concentrated solution might be expected 
to have a similar depressing effect on secretion Table 2 shows the 
lesult of administering histamine one hour after the giving of IS Gm 
of magnesium sulphate in 100 cc of water 


Table 2 — Cubic CenUmetei s of Gastric Juice Collected After the Adminish ation 
of 1 mg of Histamine Dihydiochloiide Expeiimental Conditions 

Desctibcd in Text 




20 Gm 

15 Gm 

Irrigation of 



Sodium 

Magnesium 

Pouch with 



Bicarbonate 

Sulphate 

Sodium 


Weight, 

Water 

100 Cc 

Bicarbonate 


Kg 

ad lib 

Water 

Solution 

Dog 40 

10 2 

52 

101 

26 2 



20 

87 

17 0 



12 7 

118 

117 



no 


26 5 





20 3 





198 





270 





24 7 

Moan 


77 

10 2 

216 


Largei doses of sodium bicarbonate (2 or more giams per kilogiam) 
depress secietion even when unlimited water is allowed (table 2, 
column 1 ) The giving of such amounts is often followed by vomiting, 
and expel iments in which this occurred are omitted from the tables 
The Question of a Diiect Action of Sodium Bicai bonate by Contact 
with the Cast} 1 C Mucosa — One dog was trained to he quietly on the 
table while the pouch was being irrigated with a solution of sodium 
bicaibonate The fluid was deliveied at the inner extremity of the 
pouch through a small bent glass tube, which passed along the lumen 
of a larger itibbei tube The latter was closed at its inner end, except 
for a small opening through which the glass tube projected The solution 
thus flowed out toward the fistula in contact with the mucosa Just within 
the fistula it reentered the large tube, through perforations, and drained 
out The inflowing solution was siphoned from a large container in which 
it was kept at from 37 to 39 C , the temperatui e never varying beyond 
those limits Concentrations of 2 5 and 5 per cent were used The irri- 
gation was maintained for one hour, about 600 cc of solution flowing 
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through in that time The alkali was finally washed out with 25 cc of 
water at 38 C , and the pouch allowed to drain f oi ten minutes with the 
dog on its feet Histamine was then administered and the gastric juice 
collected for the usual period of two hours 

The last column in Table 2 shows the results The average figure is 
slightly greater than that found m the controls, but the difference is 
perhaps not great enough to be of an} significance There is at any 
rate no e\ idence of diminished secretory actn it} in the pouch 

COMMENT 

Most of the numeious experiments in this field have dealt with the 
influence of the alkalis on the gastric lesponse to some standard meal 
This response ^arles fiom day to da} under the most constant conditions 
}et obtained Failuie to take these Aaiiations sufficiently into account is 
probably responsible for most of the conflicting statements regarding 
the effect of the alkalis Histamine has not previously been used in the 
stud} of this problem, so far as I can learn Bickel * used pilocarpine 
to stimulate secretion in dogs He lepoited that sodium bicarbonate 
A\ould stop such secretion m pi ogress, and pi event any i espouse to a 
second administiation of pilocarpine Details as to dosage or number of 
experiments were not given, so it is not possible to compare his obseiva- 
tions with those here presented The lesults given in this paper with 
those of my earlier papeis, indicate that as a means of i educing gastric 
secretion moderate doses of sodium bicaibonate are ineffective unless 
water is withheld The amount, up to about 1 Gm per kilogram of 
body vv^eight, seems to be of less importance than the concentiation 
Doses above this range may depress secretion or even stop completely 
the formation of acid Such massive doses, however, may produce 
some rather unpleasant S}mptoms m human subjects 

The control experiments may be cnticized on the ground that no 
water was allowed for tvv’-elve hours before the histamine was admin- 
istered, while 200 cc or more of nater was given vvath each feeding of 
alkali The effect of water as a gastric stimulant is well known It 
augments the secretory response to food ° and would doubtless increase 
the average volume of juice secieted following histamine A 25 per 

4 Bickel, A Experimentclle Untersuchungen uber den Emfluss von Alkalien 
und Sauren auf die sekretorische Funktion der Magenschleimhaut, Berl klin 
Wchnschr 42 869, 1905 

5 Hardt, L L, and Rners, A B Toxic Manifestations Following the 
Alkaline Treatment of Peptic Ulcer, Arch Int Med 31 171 (Feb 15) 1923 
Kast, Ludwig, M 3 'ers, V C , and Schmitz, H W Clinical Conditions of 
Alkalosis, J A ]\I A 82 1858 (June 7) 1924 

6 Ivy, A C Contributions to the Ph 3 siolog\ of the Stomach XLA^III 
Studies in Water Drinking, Am J Physiol 46 420 (July) 1918 
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cent solution of bicarbonate has no such eftect if given before histamine, 
and I have elsewhere i eported ^ that a 2 5 per cent solution of sodium 
bicarbonate, given on the empty stomach, is a much less effective 
stimulant of gastric secretion than is an equal volume of water Sodium 
bicaibonate in such concentrations may then be said to prevent the water 
m which it IS dissolved from acting as a stimulant Only m this sense 
can it be said to have a depiessing eftect 

SUMMARY 

1 Sodium bicaibonate given in 2 5 pei cent concentration in amounts 
up to 1 Gm per kilogram of bod)^ weight does not affect the gastric 
response to a subsequent stimulation by histamine 

2 The same amount of sodium bicarbonate given in 5 per cent 
concentration i educes the secietion caused by histamine It is believed 
that this effect is due mainly to dehydiation 

3 Massive doses (2 or more giams pei kilogram of body weight) 
reduce the response to histamine regaidless of water allowance 

4 The application of solutions of sodium bicaibonate (2 5 and 5 pei 
cent) to the gastric mucosa for one hour periods does not affect the 
1 esponse of the mucosa so treated to subsequent stimulation by histamine ^ 

7 The histamine dihydrochlonde used was supplied through the courtesy of 
Dr M T Hanke, of the Otho S A Sprague Memorial Institute of the University 
of Chicago 

I wish also to thank Mr Byford F Heskett for assistance in some of the 
experimental vork 
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The clinical impoitance and the finding of only a laie lefeience in 
the English language to the auscultatoi y gap in sphyginomanometry indi- 
cate the need of a detailed piesentation of the subject Foi this purpose 
we have studied thirty cases 

The auscultatoiy gap, “le trou auscultatoiie” of the French, is that 
interval of absolute or lelative silence occasionally found on listening 
over an arteiy during deflation of the blood piessure cuflf, it usually 
begins at a variable point below the systolic pressure and continues for 
fioin 10 to 50 nun of meictiry 

LITERATURE 

In 1917, Cook and Taussig ^ reported a period of complete silence 
during the second phase of deteimination of blood pressure by the 
auscultatory method They estimated that this phenomenon occurred 
in 5 per cent of hypei tensive cases In 1918, Tixier noted a short zone 
of silence below the systolic pressuie 

In 1919, Gallavardin and Tixier - recorded one case of auscultatory 
gap and in the following year Poulain^ added repoits of six others 
All of these cases, however, were associated with aortic stenosis 

In 1920, Etienne and Richard/ and Lian ^ discussed the occurrence 
of the auscultatoiy gap m conditions other than aortic stenosis, chiefly in 
cases of hypertension 

1 Cook, J E, and Taussig, A E Auscultatory Blood Pressure Determi- 
nation, A Source of Possible Error, J A M A 68 1088 (April 14) 1917 

la Tixier, L La methode auscultatoire en sphygmomanometne. Pans med 
27 449, 1918 

2 Gallavardin, L, and Tixier, L Dissociation sphygmomanometrique oscil- 
latoire et vibro-auscultatoire dans un cas de retrecissement aortique serre et 
insufRsance aortique avec pulsus tardus et anacrotisme, Arch d mal du coeur 
12 447, 1919 

3 Poulain, P Deux signes sphygmomanometriques du retrecissement aorti- 
que, trou auscultatoire et labilite tensionnelle systolique, These Lyon, 1920 

4 fitienne, G , and Richard, G A propos de deux cas de dissociation 
sphygmomanometrique. Rev med de Test 48 460, 1920 

5 Lian, C Etude critique des methodes sphygmomanometriques et presen- 
tation d'un phono-sphygmometre. Bull et mem Soc med d hop de Pans 44 
1643, 1920 
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In 1920, Gallavaidin and Tixiei ® and in 1921, Gallavardm and 
Barbier ‘ reported that the auscultatory hole was found occasionally in 
patients exhibiting aneurysm or compression of the subclavian or 
brachial aitery, and that it was not infrequently obseived in marked 
hypertension 

In 1921, Molle® desciibed a silent aiea in or near the centei of the 
pulse pressure, and repoited five cases in which the auscultatory gap was 
unilateral 

In 1926, two English authois. Dally ° and Heatherly,^® mentioned 
the auscultatory gap in then books on cardiovascular disease but did 
not desciibe it in detail 

It will be recalled that in 1905 Korotkoff suggested the value of 
auscultation m the determination of blood piessure He called atten- 
tion to the fact that while the pressuie in the cuff was gradually reduced 
from above the systolic value, a succession of sounds could be heard 
over the aitery distal to the cuff He oiigmally distinguished four 
phases of sound, subsequently, one phase was divided, so that five 
phases aie now diffeientiated, as shown diagi ammatically in figure 1 
The initial phase, chai actei ized by shaip sounds, is apparently due to 
the sudden distention of the collapsed artery caused by the return of 
the pulse wave The beginning of this phase indicates the systolic 
piessure In the second phase, a muimur is supei imposed on the sound, 
piobably due to whorles or eddies in the blood current as it travel ses 
the arteiial constriction and drops to a lowei piessure on enteiing the 
uncompiessed portion of the arteiy below the cuff In the thud phase, 
the murmui disappeais and the sounds become loudei and more intense, 
due probably to sudden vibrations of the vasculai wall produced by an 
increased volume of blood flow After reaching a maximum, these 
sounds abruptly lose their special character The beginning of the 
fouith phase is the auscultatoiy index of the diastolic pressure The 
sounds duiing this phase aie muffled, dulled and inconstant, and some- 
times ai e barely audible At this time the external pi essure is probably 
insufficient to cause distortion of the aitery, the latter remaining filled 

6 Gallavardm, L, and Tixier, L La methode auscultatoire moyen d’etude 
du mode de repletion artenelle , trous auscultatoires, Pans med 37 25, 1920 

7 Gallavardm, L , and Barbier, J Le trou auscultatoire et ses conditions de 
production, L 3 'on med 130 605, 1921 Barbier, J Pathogenie de la zone des 
souffles de la courbe auscultatoire. Arch d mal du coeur 14 541, 1921 

8 Molle, M Le trou auscultatoire. Bull med Pans 35 925, 1921 

9 Dally, H High Blood Pressure, Its Valuation and Control, New York, 
William Wood & Co , 1926 

10 Heatherly, F Modern Methods m the Diagnosis and Treatment of Heart 
Disease, New York, William Wood & Co , 1926 

11 Korotkoff, NS Tr Imp Mil Med Acad St Petersburg, 11 542, 1905 
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during diastole The fifth phase of silence follows Although this 
series of sounds is usually heard when theie is good functional equi- 
librium between the heart and arteries, there are frequently individual 
vaiiations 

TYPES OF AUSCULTATORY GAP 

There are three types of gap in auscultatory sphygniomanometi y 
The first, the complete gap, appears to be the most common, and presents 
a zone of absolute silence in the auscultatory curve between two sonorous 
points The second, the incomplete gap, is not infrequently observed, 
and is repiesented by a zone of marked diminution in the intensity of 
the noimal sounds or muimurs In the thud, the vaiiable type of gap. 



Fig 1 — Diagrammatic representation of the five sound phases m auscultatory 
sphygmomanometry 

there is no fixed hiatus in the auscultatoiy curve, but an inconstant 
diminution of the sounds may occur, dependent on changing conditions 
of the pulse, ventricular conti action or tonicity of the arteries The 
differentiation between the thiee types is not always definite 

The silent zone is most frequently observed in the second, oi 
murmur, phase , however, it may be found neai er the uppei oi the lower 
limit of the pulse piessuie Occasionally, when the auscultatory hole 
occurs near the maximal arterial pressure, there may be a so-called dis- 
sociation between the auscultatory and palpatoiy method in sphyg- 
momanometry indicating, as shown in one of our cases, a systolic 
pressure of 200 mm by the palpatory method and a maximal pressure 
of 180 mm by the auscultatory method The gap rarely occurs near 
the diastolic end of the auscultatoiy cuive 
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PRESENT SERIES OF CASES 

In our senes of thirty cases, as shown in figure 2, the average 
systolic blood piessuie was 205 mm , with a range of fiom 140 to 280 
The average disastolic pressure was 97 mm , the variation being from 
20 to 150 The average pulse pressure was 108 mm , with a range 
of from 65 to 160 The average upper limit of the auscultatory gap 
was 177 mm , the variation being from 110 to 200 The average lower 
limit of the gap was 150 mm , with a range of from 90 to 190 The 


210 . 

200 . 

l’)0- 

t60- 

'7°- 

IhO- 

iSo.. 

1 ^- 

i3o. 








3 

u 

o; 

5 110 - 
o 

too. 


I® 


AVERASC sySTOLIC PRESSURE (205 m m ) 
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^ AVERAGE RANGE OF AUSCULTATORY GAP 
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AVERAGE DIASTOLIC PRESSURE (97 m m) 


Fig 2 — Average sjstolic and diastolic pressure m a series of thirty cases, 
showing the average range and position of the auscultatorj" gap 


average extent of the auscultatory hole was 27 mm , the smallest gap 
was 10 and the largest 50 

In 18 (60 per cent) of our thirty cases, the gap occurred in the 
upper third of the pulse pressure, m eleven cases (37 per cent), the 
silent zone was found m the middle third, and in one case (3 per cent), 
in the lower third of the pulse pressure 

In our senes the auscultatory gap was complete in twenty-six cases 
(87 per cent) and incomplete in four cases (13 per cent) The latter 
tj pe occurred m patients who had evident hypertension in each instance 
There was occasional variability between the two arms, the gap being 
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more easily demonstrated on one side Observations on the same parient 
during repeated visits showed inconstant variations in the presence and 
position of the gap in several instances 

The auscultatory gap is of considerable clinical importance because 
of the error that may be occasioned b}’- disregarding the possibility of its 
occurrence The most frequent mistake is in the determination of the 
systolic pressure If while taking the blood pressure of a person in 
whom an auscultatory gap is present the pressure is not carried above 
the gap, the systolic tension may be observed to be far lower than its 
actual value, since the unwary observer may falsely interpret the lowei 
limit of the gap as the systolic pressure On the other hand, if the cuff 
is inflated to a pressure high enough to obtain the correct systolic 
tension, the beginning of the upper limit of the gap may be mistaken for 
the diastolic pressure 


Classificalion of Diagnoses vi TInily Cases Evlnbiivig Anscultaioi y Gap 


B agnosis 

Xo Oases 

Per Cent 

Hvpertensive and arteriosclerotic heart disease (two cases of com 


plete heart bloch are included) 

13 

43 

Essential hypertension with cardiac enlargement 

■mthout evident 


arteriosclerosis 

7 

23 

Rheumatic and hypertensive heart disease (two 

eases of aortic 


stenosis are included) 

5 

17 

Essential hypertension without evident cardiac 

enlargement or 


arteriosclerosis 

2 

7 

Rheumatic heart disease, with aortic stenosis 

2 

7 

Sjphihtic and hypertensive heart disease 

1 

3 

Hypertension (total cases) 

2S (93%) 


A.ortic stenosis (rheumatic, total cases) 

i (13%) 



The auscultator) hole is not demonstrable in the oscillometric method 
or by palpation of the radial pulse, and therefore these aie valuable 
checks to prevent error occasioned by the occurrence of the gap 

111 our group of thirt} cases, as shown in the table, a diagnosis of 
h}pertensive and arteiioscl erotic heart disease was made in thirteen 
(43 per cent) Two cases of complete heart block are included in 
this group In one of these, myxedema and syphilis were also present 
(This IS the onl}’- case in which autopsy was performed, and in this 
instance the clinical diagnosis was confirmed) Essential hypertension 
with cardiac enlargement but without evident arteriosclerosis occurred 
in sei-en cases (23 per cent) Rheumatic and hypertensive heart 
disease was present in fi\e cases (17 per cent), and of these, two 
showed aortic stenosis Essential hypertension without evident 
cardiac enlargement or arteriosclerosis was diagnosed in two cases 
(7 per cent) Rheumatic heart disease with definite aortic stenosis 
vas also found in two cases (7 per cent) Syphilitic and hypertensue 
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heart disease ^\as present in one case (3 per cent) Thus, h}pertension 
^^as evident in a total of twent 3 f-eight cases (93 per cent), three of 
■which -were associated with chronic nephritis Aortic stenosis on a 
rheumatic basis occurred in a total of four cases (13 per cent), three 
of which shoved evidence of aortic regurgitation Thus hypertension, 
aortic stenosis, or both, occurred in every case 

In our senes thirteen (43 per cent) of the patients were men and 
se^enteen (57 per cent) women The average age vas 56, the 30 ungest 
patient being 31 and the oldest 79 The -average pulse rate was 78, with 
a range from 36 to 100 

Variable S 3 mptoms were noted, the most important ones vere 
d 3 spnea on exertion in sixteen cases (63 per cent), palpitation following 
effort, ele^en cases (37 per cent), and angina pectoris and congestive 
failure six cases each (20 per cent) The arterial walls were slightly 
thickened in five cases (17 per cent), and moderatel 3 ’^ thickened in two 
cases (7 per cent) Arcus senilis was noted in three patients (10 
per cent) 

COMMEXT 

Cook and Taussig^ GallaAardin and Barbier' Galla\ardm and 
Tixier^- and jMolle® ha\e advanced theories as to the mechanism 
imohed in the production of the auscultatory gap Five factors are 
V orthy of note first, a point of constriction in the arter 3 ’’ through which 
the blood passes second a decrease in the pressure gradient below the 
point of constriction as compared with the pressure above, third, the 
npe of pulse -vvave, fourth failure of resonance of the arterial wall, and 
fifth, tlie peripheral resistance and ^asc^lar tone of tlie arter 3 ' 

In 1916, Erlanger arranged a compression chamber and a stetho- 
scope on the isolated femoral arter)’^ of the dog and demonstrated that 
tlie sounds m tlie first and second phases become faint and often disap- 
pear if the arteiw' belov the stethoscope is temporarily occluded 

The explanation of the auscultator 3 ’^ hole m h 3 pertensive cases ma 3 be 
related to a t 3 pe of pulse va^e showing slight anacrotism or plateau form, 
as indicated in figure 3 which represents a brachial pulse tracing of a 
patient vho had essential h 3 "pertension, coronary sclerosis and complete 
heart block but without a demonstrable aortic lesion Failure of 
resonance of the arterial v all ma 3 ' be an additional factor in the h 3 ’^per- 
tensne group Furthermore if there is increased peripheral resistance 
in the h 3 'pertensi% e cases, the blood pressure during the second phase 
when the flow into the artery distal to the cuff is ordinarih rapid, may 

12 Gallavardin and Tixier (footnotes 2 and 6) 

13 Erlanger, J Studies in Blood Pressure Estimations b> Indirect Methods 
II The Mechanism of the Compression Sounds of Korotkoff, Am J Ph 3 Siol 
40 82 1916 
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mount, owing to the high peupheial resistance, to a height sufficient to 
cause the sounds to disappeai foi a definite inteival and to become audible 
again when the loudei sounds of the thud phase develop 

The gap that occuis in aoitic stenosis is probably due to reduced 
velocity of the pulse wave through the arteries associated with slowl) 
rising or plateau pulses, some of which show anaciotism Figuie 4, a 
brachial pulse tracing of a patient with rheumatic heait disease, illus- 
trates this point The valvular lesions m this case were aortic and initial 
stenosis and reguigitation The tiacing was made while the 


Fig 3 — Brachial tracing of a patient who had essential hypertension, coronary 
sclerosis, and complete heart block, but without a demonstrable aortic lesion The 
blood pressure was 180, si^stolic , 90, diastolic The complete auscultatory gap 
was from 160 to 130 mm of mercurj Time interval =02 second, ever\ fifth 
mark being omitted 


J J iJ » 1-4—* 1 — ^ ^ j -4*J«J 

Fig 4 — Brachial tracing of patient who had aortic and mitral stenosis and 
regurgitation (rheumatic heart disease) taken while the brachial artery was being 
decompressed and during auscultatory gap The blood pressure vas 150, systolic, 
20, diastolic The complete gap was from 120 to 90 mm of mercury Time inter- 
val = 02 second, every fifth mark being omitted 

brachial aitery was being decompressed and duiing the auscultatory 
gap, when the pressure in the blood piessuie cuff was 110 mm of 
mercury In the anacrotic pulse there is a use of arterial piessuie at 
the beginning of ventiicular conti action, then a shoit inteival oi “dead 
point,” during which the arteiial pulse loses its vigor, and subsequently 
a second rise in arterial pressure until the maximal systolic tension is 
reached Reduced velocity of the pulse wave accompanied by a slowly 
rising pulse may also fuinish an explanation for the auscultatory gap 
when it is dependent on an aneuiysm or compression of the subcIaMan oi 
brachial artery 
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SUMMARY 

The chnical unportance of tlie auscultatory gap in sphygmoma- 
nometr)- is emphasized because of the error that may be occasioned if 
the possibility of its occurrence is disregarded 

A reMew of the hterature is presented 

Three tApes of auscultatory gap are considered (1) the complete gap, 
(2) tlie incomplete gap and (3) the variable type of gap 

Tlnrty cases are reported and analyzed Hypertension was evident 
in tttenty-eight patients (93 per cent) and aortic stenosis in four (13 
per cent) Every case showed either hypertension, aortic stenosis, 
or both (2 cases) 

Factors referable to the mechanism of the auscultatory’- hole are 
discussed 

No defimte prognostic significance is attached to the auscultatory 
gap, tlie outlook depending on the underlying pathologic condition in 
each case 



THE EFFECT OF TOXEMIA ON TOLERANCE 

FOR DEXTROSE 

J SHIRLEY SWEENEY, MD, ScD 

AND 

ROBERT W LACKEY, BS 

DALLAS, TEXAS 

The fact that toxemias, from whatever origin, cause a distuibance 
in the tolerance for dextrose of laboratory animals or human beings has 
been definitely established This has been noted clinically and experi- 
mentally Clinically, it is illustiated by the much feared infections of 
diabetic patients The effect is that of producing a delay in the removal 
of dextrose from the blood stream oi, in other words, a decreased 
toleiance The exact explanation of this phenomenon is lacking 
Lawrence and Buckley,^ judging from a series of experiments on labbits 
intoxicated with diphtheiia toxin, are of the opinion that it is due to a 
glycogenolj'^sis produced by a stimulation of the “thyroid adrenal 
appal atus ” Tisdall and his co-workeis,^ expei imentmg with puppies 
intoxicated with diphtheiia toxin and histamine, do not come to any 
definite conclusion legardmg the explanation of this phenomenon 
They feel that intoxication may produce its effect on the tolerance for 
sugar either by an increase in the glycogenolytic function of the body or 
by an impairment of the ability of the oiganism to store carbohydiates 

It occurred to us that a senes of tests of the tolerance for dextrose of 
toxic animals with varying degrees of toxemia might give some infoima- 
tion as to what extent their tolerance is disturbed and what the nature 
of the disturance might be 

Rabbits were used for the expei iments A single injection of diph- 
theria toxin ® was given subcutaneously A suitable dosage was deter- 
mined to produce a toxemia that would cause the rabbit’s deatli within 
from five to seven days This dosage was found to be from 0 01 cc to 
0 0075 cc of the toxin employed in the tests All of the animals includ- 
ing the controls were starved during the experiments, m order to 
eliminate the effects of diet and to keep uniform the effect of the star^a- 

*From the Departments of Internal Medicine and Physiology, Baylor Uni- 
versity College of Medicine 

1 Lawrence, R D , and Bucklej^, O B Brit J Exper Path 8 1 (Feb ) 

1927 

2 Tisdall, Frederick F , Drake, T G H , and Brown, Alan Production of 
Lowered Carbohydrate Tolerance in Dogs, Am J Dis Child 32 854 (Dec ) 1926 

3 I am indebted to the Eh Lilly Company, who supplied the diphtheria toxin 
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tion ( One of us ^ has pre\ lously reported the effect of diets on toler- 
ance for dextrose ) On the daj preceding the administration of dex- 
trose, all food Mas removed from the animals’ cages Water was 
allowed On the following da}, a test of the tolerance for dextrose was 
made on each animal Fii e grams of dextrose in 25 cc of water was 



Tune of Blood Sugars 

Chart 1 — Daih cur^es shoiMng the tolerance lor dextrose of rabbit 2 following 
subcutaneous injection of 0 012 cc of diphtheria toxin (minimum lethal dose 
equals 0 03 cc ) The numbers at the end of each cur^ e indicate the day of 
toxemia 

TtBLE 1 — Results of Daily Tests of Toletauce foi Dcitiose on Rabbit 2 Follow- 
ing Subcutaneous Inicction of 0 012 cc of Diplitheiia Toxin 
(Minimum Lethal Dose Equals 0 03 cc) 


Blood Sugar, 3Xg per 100 Cc 


-A. 




Temperature 



After Dextrose 


Hours of 

Hours of 

(F) 


/ 

i 


Starvation 

Toxemia 

Eectal 

Fasting 

SO Minutes 

60 Minutes 

120 Minutes 

4S 

24 

10G4 

£9 

152 

179 

152 

72 

48 

102 0 

111 

129 

167 

211 

96 

72 

103 5 

120 

149 

211 

2S6 


4 Sn eenej , J Shlrle^ Dietar} Factors that Influence the Dextrose Tolerance 
Test Arch Int ]Med to be published 
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then given by stomach tube to each rabbit Samples of blood weie 
diawn fiom the marginal veins of the ear foi detei minations of the 
sugar content befoie the administration of the dextrose and thnty, sixty 
and one hundied and twenty minutes following In this manner, tests of 
the tolerance foi dextiose weie run eveiy twenty-fom horns until the 
death of the animals, in older to observe the effect of an increasing 



Time of Blood Sugars 

Chart 2 — Daily curves showing the tolerance for dextrose of rabbit 4 Toxin 
was not given The numbers at the end of each curve indicate the day of 
starvation 

toxemia® Conti ol oi nontoxic labbits weie treated in the same way 
Rectal tempeiatures weie taken daily at the end of each test 

Table 2 — Results of Daily Tests of Toleiance foi Dextiose on Rabbit 4, U^ed 
as Conti ol foi Rabbit 2, Table 1 Did Not Receive Toxin 


Blood Sug-ir, Mg per lOO Cc 

A 



r~ 

Temperature 



After Dextrose 



(F) 




A 


Hours of Starvation 

Eoctal 

Fasting 

30 Minutes 

60 Minutes 

120 Minutes 

48 

104 

100 

193 

200 

157 

72 

102 8 

111 

160 

182 

136 

90'^ 

103 3 

107 

204 

217 

174 


* Rabbit was tod following this test and was apparently normal the next dav 


5 There is some effect of the dextrose on the tests of the tolerance for 
dextrose performed day after day This was noted in some control animals not 
included m this series This phenomenon is being studied at present 
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The results of these tests of tolerance for dextrose are listed in 
tables 1, 2 , 3 , 4 and 5 and presented graphical!}- in charts 1, 2 , 3 , 4 and 5 
It ivill be noted that only three toxic rabbits were used The effect of the 
toxemia -nas so marked and so uniform that additional observations 
were considered unnecessarv 



Chart 3 — Daih* curves showing the tolerance for dextrose of rabbit 8 
following subcutaneous injection of 001 cc of diphtheria toxin (minimum lethal 
dose equals 0 03 cc ) The numbers at the end of each curv e indicate the daj of 
toxemia 

Tasle 3 — Results of Daily Tests for Tolerance for Dextrose on Rabbit 8 Folloie 
xng Subcutaneous Injection of 0 01 cc of Diphtheria T oxin 
(Mminiiun Lethal Dose Equals 0 03 cc ) 


Blood Sugar, 2Ig per 100 Cc 

— M. 




Temperature 



After Dextrose 


Hours of 

Hours of 

(F) 



X 


Starvation 

Toxemia 

Bectal 

Fasting 

SO Minutes 

GO Minutes 

120 Minutes 

24 



83 

14S 

143 

123 

43 

24 

1031 

93 

1S2 

200 

160 

72 

4S 

101^ 

140 

217 

203 

C03 

05 

72 

102.1 

129 

143 

278 

417 

120 

95 

101 

125 

241 

SS3 

479 
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The most striking phenomenon to be noted is the positive association 
between the degree of toxemia (if it may be assumed that there was a 
daily increasing toxemia m the rabbits) and the impairment of the tolei- 
ance foi dextrose In other woids, as the rabbits’ toxemia became 
greater, their ability to remove the ingested dextrose fiom the blood 
sti earn became less In no instance was there a suggestion of improved 
toleiance duiing the course of the toxemia This would suggest that 



Time of Blood Sugars 

Chart 4 — Daily curves showing the tolerance for dextrose of rabbit 5 Toxin 
was not given The figures are given in table 4 


Table 4 — Results of Daily Tests foi Toleiance for Dextiose on Rabbit 5, Used 
as Conti ol foi Rabbits 8 and 7 , Tables 3 and 5 Did not Receive Toxin 


Blood Sugar, Mg per 100 Cc 

A 



Temperature 



After Dextrose 



(F) 


f 

—A 


Hours of Starvation 

Rectal 

Hasting 

30 Minutes 

60 Minutes 

120 Minutes 

2f 


103 

133 

138 

125 

48 

103 

93 

156 

133 

105 

72 

1031 

82 

135 

138 

114 

96 

103 

100 

150 

167 

148 

120 

103 

103 

143 

154 

128 

144 

103 8 

95 

141 

ICO 

132 


there might be a quantitative lelationship between toxemia and the 
tolerance for dextiose Tisdall and his co-workers “ did not make daily 
tolerance tests on their toxic animals The degiee of postpiandial hyper- 
glycemia of their animals from twenty-four to seventy-two hours follow- 
ing the injection of diphtheiia toxin is in accoid with the results 
presented in this study There is apparently no uniform relationship 
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between temperature and tolerance for dfextiose If any such lelation- 
ship exists, it appeals to be that the toleiance is less when the teinpeia- 
ture IS at a lower level It will be noted from the tables that this was 
true m a number of instances Lawience ^ noted this appaient lelation- 
ship of temperature and the level of blood sugai in his studies 



Time of Blood Sugars 

Chart 5 — Daily curves showing the tolerance for dextrose of rabbit 7 follow- 
ing subcutaneous injection of 0 0075 cc of diphtheria toxin (minimum lethal dose 
equals 003 cc ) The numbers at the end of each curve indicate the day of 
toxemia 

Table 5 — Results of Daily Tests of Toleiance foi Dextiose on Rabbit 7, FoUozv- 
ing Subcutaneous Injection of 0 0075 cc of DipJitheiia Toxin 
(Minimum Lethal Dose Equals 0 03 cc ) 


Blood Sugir, Mg' per 100 Cc 

J i 




r“ 

Tempernture 



After Dextrose 


Hours of 

Hours of 

(P) 


- 

— 


Stan ntion 

Toxemia 

Ecctal 

Pasting 

30 Minutes 

60 Minutes 

120 Minutes 

24 



103 

182 

179 

143 

4S 

24 

104 6 

107 

152 

206 

206 

72 

48 

1018 

95 

174 

230 

333 

9C 

72 

1012 

100 

190 

244 

345 

120 

OS 

102 7 

109 

190 

296 

357 

144 

120 

102 6 

120 

215 

313 

400 
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There is another interesting observation that is noteworthy in these 
studies, and that is that marked toxemias have little, if any, effect on the 
absorption of the orall} admimsteied dextrose In one instance an 
animal died within a few hours after the test of its tolerance for dextrose 
had been finished and his two hour postprandial level of blood sugar 
was 400 mg per hundred cubic centimeters of blood W e behe\ e that it 
may be concluded from this evidence that toxemias do not seriously 
interfeie with the gastro-mtestmal absorption of dextiose One other 
observation is that toxemias cause a higher level of the blood sugar 
after fasting This effect has been noted by many obser\'-ers 

This phenomenon of the animals’ increasing mabilit)- to remove the 
dextrose from the blood stream is probably to be explained in one of 
four Ava}s (a) by an increase in the glycogenolytic function of the 
bod}'-, {b) by an impairment of the glycogenic function, (c) by a sup- 
pression of the oxidative function and (cf) by either a disturbance in 
tlie action or in the production of insulin, either of which is inextricably 
associated with one or all of the foregoing possibilities Until the action 
of insulin is definitely determined, it must of necessity be difficult to 
explain these phenomena We believe ^ that the action of insulin is prin- 
cipally that of gl} cogenesis If this be true, the most probable explana- 
tion of a decreased tolerance in the presence of a toxemia is some dis- 
turbance in the production or action of insulin Experiments aie now 
being completed that we belieie ivill add weight to this hypothesis 

sujMmary and conclusions 

Rabbits made toxic by diphtheria toxin are shown to have a maiked 
decrease in tolerance for dextrose The decrease in tolerance becomes 
more marked during the course of the toxemia This suggests a quanti- 
tative relationship between toxemia and tolerance for dextrose It is 
suggested that the explanation of this phenomenon lies in a disturbance 
of insulin action or insulin production 

The toxemia did not have a noticeable effect on gastro-mtestmal 
absorption of the dextrose 
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HYPERTENSIVE ENCEPHALOPATHY '*■ 


B S OPPENHEIMER, MD 

AND 

ARTHUR M FISHBERG, MD 

NEW YORK 

In the course of acute glomerulonephritis and less commonly in 
other varieties of chronic interstitial nephritis, theie may occur acute 
episodes of cerebral phenomena, such as epileptiform convulsions, coma, 
headache, amaurosis, hemiplegia and aphasia In the past, these epi- 
sodes were generally included undei the concept of uremia and were 
termed arate uremia Since the beginning of the present century, con- 
vincing evidence that these cerebral episodes are not uremic in nature 
has gradually accumulated This evidence will be summarized later in 
the paper It has become clear that these cerebral symptoms are cor- 
related with hypertension, being a manifestation of circulatory 
disturbances in the brain consequent on the hypertension For this 
reason, we have termed the cerebral syndrome the hypertensive enceph- 
alopathy The nature of the hypertensive encephalopathy is well 
illustrated in the following case We have had the patient under con- 
tinuous observation over a period of twenty months at the Mount Sinai 
and Montefiore Hospitals 

REPORT or A CASE 

Histo} y — S S , a college student, aged 19, entered Mount Sinai Hospital, 
Sept 7, 1925, in an aphasic state following a convulsion four hours before 
entrance 

He had pneumonia when 8 years old His tonsils were removed when he was 
12 From then to January, 1925, he was perfectly well 

In January, he became ill with bronchopneumonia, and was confined to his 
bed for six weeks Following his recovery, he again became sick, this time with 
acute rheumatic fever Painful, swollen joints, fever and cardiac involvement, 
as evidenced by a diastolic murmur, were present At this time, the patient’s 
systolic blood pressure was 120 mm , and the urine did not contain any albumin 
He seemed to have completely recovered by May 20, the blood pressure was 
normal and the urine free from albumin About Aug 1, 1925, he began to 
suffer from frontal headaches which prevented him from sleeping At this time, 
his family physician found that he had arterial hypertension and that his urine 
contained albumin and blood The headaches became progressively worse, and 
to them were added attacks of vomiting On September 7, following a period of 
restlessness, he had a severe convulsion Four hours after the convulsion he was 
brought to the hospital, aphasic but conscious 

On admission, the patient was drowsy and apathetic He was able to respond 
to questions only by repeating words used by the questioner The pupils were 
equal and regular, the action of the left being the livelier The heart was 


From the medical divisions of Mount Sinai and Montefiore Hospitals 
^ Read in abstract before the Association of American Physicians, Atlantic 
Cit}, New Jersey, May 3, 1927 
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somewhat enlarged to the left, the forceful apex beat being felt in the fifth 
interspace outside the midclavicular line The first sound at the apex was booming 
and was followed bj' a short systolic murmur The second sound, at the aortic 
area, was greatly accentuated and clanging The radials felt thickened and hard 
The blood pressure was 200 mm systolic and 110 mm diastolic The right knee 
reflex was livelier than the left, no Babinski sign or other pathologic reflexes 
were present The urine had a specific gravity of 1 022, and contained a faint 
trace of albumin and a few granular casts Examination of the blood showed 
hemoglobin, 106 per cent, red blood cells, 6,600,000, white blood cells, 28,000, 
polymorphonuclears, 88 per cent, lymphocytes, 6 per cent, and monocytes, 4 per 
cent The Wassermann reaction was negative, and the blood culture proved 
sterile The blood chemistry was nonprotein nitrogen, 31 4 , urea nitrogen, 14 0 , 
uric acid, 4 2 , creatinine, 1 2 mg per hundred cubic centimeters 

Beginning at 3 a m of the night following admission, the patient had several 
right-sided convulsions During these convulsions, each of which was of one 
or two minutes’ duration, the head was turned to the right, the eyes rolled 
upward and to the right, and there were clonic movements of the right side of 
the face, right arm, trunk, and right lower extremity Following these, there 
were generalized bilateral convulsions which were stopped bj’' the administration 
of a little chloroform At this time neither plantar nor abdominal reflexes could 
be elicited The knee and ankle reflexes were active and equal, without clonus 
The left pupil was larger than the right and reacted sluggishly with hippus A 
phlebotomy of 400 cc was earned out and lumbar puncture performed It 
revealed the cerebrospinal fluid to be under normal tension, clear, and containing 
no cells 

The next morning the patient was extremely anxious, restless and inattentive 
The left palpebral fissure was narrower than the right The left pupil was larger 
than the right Both pupils reacted sluggishly to light There was slight facial 
weakness on the right The right biceps and triceps reflexes were more active 
than the left The knee reflexes were present A bilateral Babinski sign and a 
tendency to a right ankle clonus were present 

On ophthalmoscopic examination, the arterial blood columns appeared narrow, 
the vessel wall somewhat thickened No other abnormalities were noted by the 
ophthalmologist 

The next day the patient w^as greatly improved and the Babinski reflexes had 
disappeared The blood pressure was 190 systolic and 130 diastolic 

From Sept 7, 1925, to April, 1927, we have had the patient under continuous 
observation, first in Mount Smai and then in Montefiore Hospital and subse- 
quently again at Mount Sinai Hospital Our observations during this period 
were as follow's 

Ncmologtc Phenomena — From the time of his admission to December, 1926, 
a period of fifteen months, the patient had many convulsive seizures Sometimes 
there were several in a day, once more than twenty, at other times a month 
would pass wuthout one From April 4, 1926, to Aug 26, 1926, there were no 
convulsions The convulsions w'ere usually preceded by an aura, consisting of 
headache, a feeling of weakness and paresthesias in the right upper extremity in 
the form of a tingling m the fingers and “a feeling as though there is no blood 
in the right arm and hand, and they are paralyzed ” From these prodromes, the 
patient often knew when an attack was imminent On several occasions, the 
prodromes were not followed by actual convulsions The convulsions usually 
started with tonic and then clonic spasms of the right upper extremity, wdiich 
then spread to the right lower extremity and finally became generalized How- 
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e%er, among the later convulsions were some that started with paresthesias of 
the left upper extremity, which then began to twitch with subsequent involvement 
of the right side of the body The convulsions were of varying duration, from 
a few quick twitches to severe attacks lasting five or more minutes During the 
attacks, the patient would foam at the mouth and Avould appear extremely 
cjanotic Consciousness was usually completely lost during the convulsions and 
for some time thereafter, though during a few mild seizures he remained 
conscious On several occasions, the convulsions were quickly aborted by 
chloroform The patient did not bite his tongue, but in one nocturnal attack it 
vas necessary for the nurse to separate his clenched teeth with a gag A fev 
attacks consisted of only transitory pareses of the right upper extremity Follow- 
ing the attacks, the patient vas usuallj stuporous, but often recovered complete 
consciousness in a few minutes 
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The relation of rises in blood pressure to convulsne seizures 


Between convulsions and immediatelj after the attack, the pupils reacted slowlv 
to light and sometimes hardly at all, occasionally, anisocoria was present The 
tendon reflexes vere hjperactne, and the Babmski reflex was present on both 
sides The pupillary abnormalities and Babinski reflexes would disappear within 
a few hours, and between attacks there were no abnormal neurologic manifes- 
tations 

Blood Pressuie — At first the blood pressure w'as about 200 mm systolic, and 
110 mm diastolic, later it rose to an aierage of about 230 mm systolic and 
130 mm diastolic, ahvajs being elevated For several days before most, though 
not all, of the convulsne seizures, the blood pressure rose markedly, in some 
cases the rise being as much as 50 mm each of the systolic and diastolic pressures, 
as shown in the accompanjung chart After some of the attacks, the pressure fell 
decided^’’, though only temporarih Thus, in the week prior to the severe con- 
^ulsne seizure of Sept 24, 1925, the pressure rose steadiB from 170/140 to 
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220/140 a few hours before the attack, to fall to 150/100 several hours after the 
attack, the latter being the lowest pressure the patient ever showed 

The pressure of the cerebrospinal fluid was determined on several occasions, 
the lumbar puncture being carried out either for the relief of convulsive seizures 
or headache, or to prevent an attack when prodromes were present The pressure 
was either normal or onlj'’ slightly elevated, the highest value being 30 cm of 
water 

Kidney function was carefully studied At no time was there any evidence 
of serious impairment of renal function At all times, the patient was able to 
concentrate the urine to a specific gravity of 1 022 or higher and to dilute 
normally There was never any evidence of nitrogen retention, as is shown 
in the accompanying table 

On Oct 23, 1925, the plasma chlorides were 540 mg per cent (as sodium 
chloride) On Dec 6, 1926, the calcium content of the serum was 9 7 mg per cent 
and on April 5, 1927, 10 mg per cent 

The urine showed comparatively slight deviations from the normal Most 
of the daily examinations revealed a trace of albumin, but this was never heavy, 
and on many examinations no albuminuria at all was present Microscopic exami- 


Bload Chemical Dctei minations 



Nonprotem 

Urea 




Date 

Nitrogen 

Nitrogen 

Uric Acid 

Creatinine 

Cholesterol 

9/ 8/2S 

31 4 

14 0 

4 2 

1 2 


9/10/25 

26 7 

14 0 

30 

1 1 


1I/23/2S 

38 5 

IS 4 

3 5 

1 0 


12/ 2/2S 

42 1 

23 8 

60 

1 4 


1/11/26 

35 0 

11 2 

3 5 

1 1 

142 

2/ 2/26 

28 0 

12 6 

6 5 

1 5 

200 

3/ S/26 

26 7 

11 2 

4 0 

1 0 


4/15/26 

26 0 

11 2 

3 5 

1 2 


5/19/26 


8 8 



164 

7/26/26 


97 




8/30/26 


8 4 




3/ 2/27 

36 9 

11 0 

2 6 




nation often showed a few hyaline and granular casts, but these were not always 
present Red and white blood cells w'ere never found in any considerable 
quantity, though the history states that the patient had had hematuria at the 
onset of his illness 

The Retina — When the patient first entered the hospital, ophthalmoscopic 
examination revealed only a narrowing of the arterial blood columns and some 
changes m the arterial walls as evidenced by thin white lines bordering some of 
the arterial blood columns Then changes rapidly appeared, so that ten days 
later, the following symptoms were noted by the ophthalmologist. Dr Goldstein 
“O D the disk is hyperemic Its margins are fairly distinct, the physiological 
pit large, and the veins about normal The tortuous arteries are narrower than 
normal To the nasal side of the disk are many irregularly round, grayish Avhite 
patches about one half the size of the disk , they are situated in the deeper laj^rs 
of the retina The macula is very red, surrounded by a prominent light reflex 
on the temporal side There are a few exudates on the temporal side O S 
the disk IS hyperemic with margins somewhat blurred There is a large physio- 
logical cup The veins are about normal in size, the arteries narrowed The 
macula is normal There are no exudates or hemorrhages ” 

The typical picture of “albuminuric retinitis” developed quickly, with a stellate 
figure around the right macula There were numerous patches of exudate and 
hemorrhages on both sides The most striking feature at all times was the 
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extreme narrowing of the arteries, rendering them difficult to recognize Papil- 
ledema was present at times in slight degree, never becoming marked The 
hemorrhages and exudates cleared up entirely during the next eighteen months 
except for the fine silvery white spots arranged radially around the right macula 
The arteries were still narrow m April, 1927 

The patient was at Mount Sinai Hospital m April, 1927 He was ambulatory, 
though not strong The vision was somewhat impaired by the albuminuric 
retinitis, but it was better than formerly and he read without anj' difficulty The 
blood pressure had settled at a constant high level (about 240 systolic, 130 
diastolic) No nitrogen retention was present The last convulsions occurred 
during March, 1927, and no abnormalities were found on examination of the 
nervous system 

Snmmmy — A youth, aged 19, became ill with pneumonia and acute 
iheumatic fever Following recover} from these, it was found that 
the blood pressure was abnoimally high and that the urine showed blood 
and albumin In the twenty months since then, the blood pressure had 
remained high, but there had never been any nitrogen retention and in 
fact no evidence of impairment of lenal function had appeared During 
this period he had had many epileptifoim convulsions from which he 
quickly recoveied In conjunction with these, he had had tiansient 
palsies and on one occasion transient aphasia On several occasions, it 
was evident that the convulsive attacks marked the culmination of a 
period of rising blood pressure, which fell soon after the attack The 
pressure of the cerebrospinal fluid w^as measuied on seveial occasions 
between or soon after the convulsions, and was either normal or only 
moderately elevated 

The convulsive seizures in this case illustiate the most striking form 
of what we term the hypertensive encephalopathy, but generalized 
epileptiform convulsions are by no means the only way in which the 
hypertensive encephalopathy may manifest itself Various other focal 
and general cerebral symptoms may occur, either in combination with 
oi independent of the convulsions The convulsions may be unilateral, 
simulating jacksonian epilepsy Chauffard described a case in which 
the unilateral convulsions rapidly alternated from one side to the other 
The occurrence of aphasia in such cases has been described by Osler," 
wdiose attention w^as drawn to the existence of such phenomena by the 
early paper of Peabody ® “Uremic” amaurosis is another symptom of 
the hypertensive encephalopathy which is not extremely rare, the nature 
of the blindness being disclosed by its association with hypertension, its 

1 Chauffard De ruremie convulsive a form d’epilepsie jacksonienne. Arch 
gen de med 2 5, 1887 

2 Osier Transient Attacks of Aphasia and Paraljsis in States of High 
Blood Pressure and Arteriosclerosis, Canad M A J 1 919, 1911 

3 Peabod}' Relations between Arterial Disease and Visceral Changes, 
Tr A Am Pins 6 170, 1891 
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transitory_nature, the negative ophthalmoscopic manifestations, apart 
from possible narrowing of the arteries, and the preservation of the light 
reflex which shows the cerebral origin Vaiious motor palsies, cerebral 
deafness, hemianopia and other focal cerebial symptoms of sudden onset 
and brief duration are vividly described in the accounts of “acute 
uremia” of the older authors, though in these descriptions what we here 
teim the hypertensive encephalopathy and symptoms of uremia are indis- 
criminately mixed The only symptom that we desire to discuss further 
heie IS headache, which is a frequent — we believe the most frequent — 
manifestation of the hypertensive encephalopathy Its nature can often 
be recognized in the absence of othei cerebral symptoms when it occurs 
as the culmination of a rapid rise in blood pressure, is unaccompanied by 
nitrogen letention and is relieved by venesection or lumbar puncture 

PATHOGENESIS 

The postmortem examination of the brain of a patient who presented 
symptoms of the hypertensive encephalopathy does not reveal any focal 
lesions to account for the epileptiform convulsions, amauiosis, aphasia 
or other ceiebral manifestations that were so sti iking during life The 
brain is pale, usually almost bloodless In some instances, the brain 
substance and meninges are edematous, but in others they do not show 
any evidence of edema and, in fact, may be unusually dry In view of 
this paucity or absence of anatomic changes, it seems necessary to seek 
the pathogenesis of the hypertensive encephalopathy along “functional” 
lines In this connection, two considerations are of paramount 
importance, namely, the relation of the hypertensive encephalopathy to 
disturbances of real function and to arterial hypertension 

Renal Function — It has been known since the time of Christison ^ 
that epileptiform convulsions and the other features of the hypertensive 
encephalopathy may occur in chronic interstitial nepliritis without any 
diminution in the volume of uiine, though in the majority of cases the 
seizures do occur during a period of oliguria It is to Volhaid® that 
we are indebted for first demonstrating convincingly that what is here 
termed the hypertensive encephalopathy^pjiot a consequence of impaired 
renal function The application of modern methods of testing renal 
function (concentiation test, dye excretion, etc ) shows that many 
patients presenting the typical hypertensive encephalopathy have no 
demonstrable impairment of renal function Moreover, the blood chem- 
istry IS usually normal in all respects Of course, the underlying kidney 

4 Chnstison On Granular Degeneration of the ICidneys, Edinburgh, 1839, 
p 176 

5 Volhard, in Mohr and Staehelin’s Handbuch der inneren Medizin, Berlin, 
3 1346, 1918 
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disease may cause a coi ncident nn paiiment of renal function with its 
attendant changes in the blood chemistiy, but the frequent occurrence of 
the hypertensive encephalopathy without renal insufficiency shows that 
there is no obligate connection between the two phenomena On the ^ 
other hand, the extreme raiity of symptoms of the hypertensive 
encephalopathy in the most typical impairment of renal excretion, that 
due to mechanical obstruction of the urinary passages, shows that reten- 
tion of urinary constituents is not the cause of the hypertensive 
encephalopathy 

Similarly inadequate is the hypothesis of Widal,® still widely held 
in France He believed that the symptoms which we group together as 
the hypertensive encephalopathy are the results of chloride retention 
with consequent saturation of the nervous centers with chlorides, and 
terms them chloruremia In most cases there is no evidence whatever 
of chloiide retention, and in mechanical urinary obstruction m which 
enormous chloride retention may occur (the plasma sodium chloride in 
one case was more than 1,100 mg per hundred cubic centimeters) with- 
out any manifestations of the hypei tensive encephalopathy 

It is to be emphasized that severe generalized convulsions, which are 
the most striking featuie of the hypertensive encephalopathy, aie rare 
m true uiemia In fifty-one consecutive cases of chronic interstitial 
nephritis with renal insufficiency and nitrogen retention, studied at the 
Mount Sinai Hospital, only two showed generalized convulsions, and in 
neither of these were they of the extreme severity seen in the hyper- 
tensive encephalopathy In well marked tiue uremia, slight convulsive 
movements and particularly fibrillary twitchings are common, apparently 
being due to the lowered calcium content of the blood that follows on 
phosphate retention However, these differ markedly from the gen- 
eralized convulsions of the hypertensive encephalopathy, which are 
obviously of cerebial origin 

These considerations indicate that the term “acute uiemia” is a mis- 
nomer when applied to the acute cerebral episode which we here call the 
hypertensive encephalopathy The term acute uremia should be 
reserved for cases of true uiemia of unusually abrupt onset, and it is 
important from a diagnostic, therapeutic and particularly from a prog- 
nostic standpoint to differentiate sharply between true uremia and 
hypertensive encephalopathy 

HYPERTENSION 

The symptoms which are here grouped together as the hypertensive 
encephalopathy occur in the presence of arterial hypertension In most 
cases, this increase of blood pressure is manifest and, in fact, is usually 

6 Widal and Lemierre Die diatatische Behandlung der Nierenentzundingen, 
Ergebn d inn Med u Kinderh 4 543, 1909 
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exrrcme. \Ve have seen cases in children in vrhich the existence ot 
arterial mmertension vas not immediately mamtest. only subsequent 
observation proiang" such, figures as 120/S9 to be above the normal tor 
the child. Moreover, in the presence of cardiac failure, the hyperten 7 
sion may not be manifest, though the peripheral conditions (vasocon- 
striction ) for hypertension are present: tve have seen a case of eclamptic 
convulsions ivith fatal outcome in vrhich there vras other evidence that 
cardiac msumciency vras the cause of the relatively iov blood pressure. 

The onset of the cerebral stmptoms is often preceded by an a(^- 
tional rise ahove the already elevated level of blood pressure. This may 
otcur Guickiy pardcularh' in eclampsia gravidarum or more gradual!} 
over a period of several da}S as vras evident several times in the 
case descrioed After the attack, tiiere is usually a sharp drop in 
the blood pressure. Both these points are vreK illustrated in the accom- 
namfng chart. The premonitory rise in blood pressure usualLy ahects 
both systolic and diastolic pressure. Sometimes the rise in the dias-' 
tolic pressure is dispropordonateiy great, perhaps indicating that the 
heart is unable to cope fully tvith the great increase in peripheral 
resistance. 

The fact that a marked rise in biood pressure so often precedes the 
attack and that the cerebral phenomena often dearly form the culmina- 
tion of the rise indicates dearly the intimate and probably causal relation 
of the rise in pressure to the cerebral syndrome. 

The causa! rdadon of the h}-pertension to the h}-pertensive encepha- 
iopatliy is further indicated by certain facts concerning the ocoirrence of 
the identical cerebral sjmdrome in the three vriddy dtTering conditions 
of dimuse glomerulonephritis toxemia of pregnancrv and acute lead poi- 
soning, facts vrhich have long been knovm individualiy. but vrhose great 
importance for the pathogenesis of the cerebral syndrome has been 
emphasized only in recent ^-ears by Yaquez ' Pal ^ and Volhard - 

In the toxemia of pregnancy the edamptic seizure invariably occurs 
in the presence of arterial m-pertension (\~aquez and Xobecourt) The 
cdassic form of the edamptic attack consists in epileptiiorm seizures in 
every vray anaiogous to those occurring in glomerulonephritis The 
attacks can otten be shovm to follovr an added rise in the blood pressure 
and to be follovred by a drop. As in glomerulonephritis transitory 
amaurosis aphasia, hemiplegia or other focal cerebral symptoms mav be 
?£tt ot tne syndrome, i hese may occur in the presence of intact renal 
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function At necropsy, cerebra l .anemia and often cereb ral edem a may 
be present, as has been demonstiated both post mortem and mtra Mtam 
(by trephining) by the exhaustive investigations of Zangemeister 

Lead encephalopathy is also always associated with arteiial hyper- 
tension (Traube Vaquez The convulsions are likewise epileptiform 
in character and may be similarly accompanied by transitoiy focal cere- 
bral symptoms such as aphasia and amaurosis Renal function is often 
entirely intact, though there is usually oliguria during the attack The 
anatomic manifestations in the brain are the same as those in the othei 
two conditions, consisting of anemia and sometimes edema (Tanquerel 
des Planches) 

From this brief survey it is seen that the same group of transitory 
cerebral symptoms may occur in the three etiologically diverse conditions 
of diffuse glomerulonephritis, acute lead poisoning and the toxemia of 
pregnancy The cerebral syndrome cannot be due to renal failure in 
these conditions for in each of them the symptoms may occur m the 
presence of entirely intact renal function Each of the conditions is 
frequently marked by the occurrence of arterial hypertension, and it is 
only m the presence of hypertension that the cerebral symptoms present 
themselves It is therefore probable that the h 5 q)ertension is causally 
connected with the cerebral syndrome What is the nature of the link 
between the hypertension and the cerebral syndrome 7 Two factors, 
ceiebral vasoconstriction and cerebral edema, must be considered m this 
connection 

Ceiehal Vasoconstnchon — All available evidence indicates that, 
whatever the ultimate causation may be, the immediate mechanism of 
arteiial hypertension m glomerulonephritis is a widespread, and peihaps 
universal, peripheral vasoconstriction We have no precise infoimation 
as to the extent to which individual vascular territories, and particularly 
those of the brain, are involved in the vasoconsti iction But it has 
already been mentioned that at the autopsy of patients who had the 
symptoms of the hypertensive encephalopathy, the brain is usually found 
pale and the vessels devoid of blood, indicating that the vasoconstriction 
within the skull has been particularly maiked 

Other indirect evidence of vasoconsti iction in the biam is sometimes 
furnished by opthalmoscopic examination, for the retina (“the mirror 
of the brain”) is an embryologic outgrowth of the brain and their blood 
supplies are closely interrelated Here it is usually possible to observe 

11 Zangemeister Die Eklampsie eine Hirndruckfrage, Ztschr f Geburtsh u 
Gynak 79 124, 1916 

12 Traube Gesammelte Beitrage zur Pathologie und Phj’^siologie 2 5S1, 1871 

13 Vaquez La tension arterielle dans le saturnisme aigu et chronique, 
Semaine med 23 385, 1904 

14 Tanquerel des Planches Traite des maladies de plomb. Pans 2 350, 1839 
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in patients with liypei tensive encephalopathy that the retinal aiteries 
are naiiow, this was repeatedly noted in the case reported, before 
the actual albuminuiic retinitis appealed Theie aie a number of obser- 
vations on lecord in which blindness in acute hypertensive states has 
been shown by ophthalmoscopic obseivation to be the result of spastic 
closure of the letinal arteiies, vision leturnmg as the blood flow through 
these vessels was i estoi ed Among those who have made such observa- 
tions aie Elschnig,^® Wagenmann and Smith Labadie-Lagi ave and 
Laubiy observed a patient with acute lead poisoning who became 
almost completel}'- blind when the blood piessuie leached 250 mm of 
meicuiy Vision leturned when the blood piessuie was lowered to 
170 mm by the admmisti ation of amyl nitrite An houi later the amau- 
rosis lecuried, to disappear as the blood piessure giadually fell to 
noimal on the following day 

The most important evidence of the fundamental role played by^ 
angiospastic phenomena m the genesis of the hypei tensive encephalop-J 
athy IS furnished b}'’ the extieme suddenness with which the individualj 
cerebial phenomena come and go, leaving no tiace whatever behind j 
them Moreovei, in the same case the focal ceiebial symptoms 
often change In the case described, the patient had aphasia with 
the fiist attack, then his convulsions began on the right side, and 
latei they staited on the left side Sometimes they would affect only 
the face or an uppei extiemity, oi theie would be unilateial convulsions 
Chauffard ^ saw a patient in whom the convulsions altei nated many 
times during a day from one half of the body to the other We are 
unable to explain such phenomena other than on a vasomotor basis 
Localized vascular spasms may occur in hypei tensive patients in parts 
of the bod}^ other than the brain The observations on the letina have 
already been mentioned Not uncommon in hypei tensive patients, 
though actually obseived infiequently, is the so-called “phenomenon of 
the dead finger,” first desciibed by Dieulafoy as an initial symptom of 
uremia Actually, the dead fingei symptom has no relation to uremia 
but occurs in hypertensive patients whatevei the state of renal function 
It consists of a sudden feeling m one or moie fingei s oi toes as though 
they weie “dead ” The patients may also note that the finger appears 

15 Elschnig Sehstorungen durch Bleivergiftung, Wien med Wcbnschr 
48 1305, 1898 

16 Wagenmann Beitiag zur Kenntnis der Zirkulationsstorungen m den 
Netzhautgefassen, Arch f Ophtli 43 219, 1897 

17 Smith Intermittent Closure of Cerebral Arteries, Bnt M J 2 1380, 1909 

18 Labadie-Lagrave and Laubry Accident aigu du saturnisme et hyperten- 
sion, Tribune med 38 437, 1906 

19 Dieulafoy Text Book of Medicine, Translated by Collins and Liebmann, 
ed 2, New York, 1912, p 1112 
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white The “dead” finger symptom passes away as quickly as it came, 
and even observant patients will usually tell about this phenomena only 
when questioned specifically Volhard ® believed that there is a stiong 
element of cutaneous vasoconstriction m the production of the extreme 
pallor of many patients, which is out of all proportion to the anemia and 
in the absence of edema Lead colic appears only in the presence of 
arterial hypertension, and Vaquez adduced strong evidence that it is an 
ischemic pain due to vasoconstriction of the mesenteric vessels 

Ceiebial Edetm — The theory that edema of the biain plays a part 
in the causation of “uremic” attacks was suggested by Owen Rees and 
elaborated by Traube,^^ who believed the cerebral edema to result from 
the concommitance of arterial hypertension, which he recognized as 
always present in “uremia” and hydremia As a result of the combina- 
tion of increased blood pressure and hydremia, fluid is pressed through 
the capillary walls Since the pressure in the aortic system is higher 
than that in the capillaries, these are compressed with resultant cerebral / 
anemia, the consequences of which are the convulsions, coma and other 
cerebral symptoms Traube’s theory was discarded for a long time after 
Cohnheim showed that edema of the brain is most often absent in 
uremia, but has been resuscitated by Volhard ® for certain cases of what 
we here term the h3^pertensive encephalopathy In this country, strong 
evidence of the significance of edema of the brain for the causation of 
cerebral attacks in glomerulonephritis has recently been published by 
Blackfan Blackfan recognized clearly the nonuremic nature of the 
ceiebral s)'mptom which he believed due to edema of the brain, and 
suggested that they be termed the cerebral symptoms of acute glomerulo- 
nephritis 

Edema of the brain is found in some but not in all patients who have 
had the S3mptoms of the hypertensive encephalopathy The edema may 
be so marked that on opening the calvarium the dura is found tensely 
stretched The convolutions are flattened and the sulci shallow There 
^ may be a conical deformation of the brain stem (“medullary cone”), 
showing that it has been pressed into the foramen magnum , this is well 
seen in an illustration by Blackfan The edema of the brain substance 
sometimes results in great narrowing of the ventricles (Tanquerel des 
Planches so that the! latter appear as mere slits when the brain is 
hardened in situ (Volhard ®) In other cases, the brain may be dry, as 
we have seen several times Such “dr3'-” brains may be found despite 

20 Rees On the Nature and Treatment of Diseases of the Kidney, London, 
1850, p 67 , quoted bv Senator, Krankheiten der Niere, Vienna, 1902, p 96 

21 Cohnheim Vorlesungen uber allgememe Pathologie, Berlin, 2 455, 1877- 
1880 

22 Blackfan Acute Nephritis in Children with Special Reference to the 
Treatment of Uremia, Bull Johns Hopkins Hosp 39 69 (Aug) 1926 
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extreme anasarca of the skin It has been claimed by Volhard ° and by 
others that failure to find edema of the brain at neciopsy does not neces- 
sarily mean that it was absent dining life If this is so, it seems difficult 
to see why the edema should disappeai in some cases and remain in 
others, and it must be concluded that failure to find edema of the brain 
at necropsy is stioiig evidence that it was not present m maiked degree 
during life 

It is not clear how ceiehral edema, when present, is produced Of 
/course, the mechanism suggested by Traube is untenable, for we now 
dviiow that most of the patients do not have Itydremia Moreover, arterial 
h} pertension does not by aii}'- means necessarily indicate capillary hyper- 
tension and therefore would not be effective m forcing fluid from the 
capillaries The cerebral edema m these cases is not merely part of a 
general edema, for the most widespread edema may be present (as in 
nephritis) without any ceiebral edema, and conversely the cerebral 
edema may be marked without aii)'- edema elsewhere, as we have seen m 
eclampsia gravidaium Volhaid^ belieied that ceiebral edema in the 
/^h3^pei tensive encephalopathy is due to ischemic injuiy of the capillaiies 
of the brain resulting from aiteriolar constriction Theie can be little 
doubt that the cerebral edema m these cases is the result of the phe- 
nomena producing the hypertension, foi it occuis only in the presence 
of the latter, but we do not know the piecise natuie of the relationship 
W e are unable to agree with Blackf an’s view that the edema of the brain 
causes, through medullai}’- compression, the use in blood pressure, for 
the latter is present before the onset of the cerebral symptoms and even 
the “extra rise” preceding the ceiebral attack may come on gradually 
during a week or more, as was illustrated several times m the foregoing 
case It IS hard to conceive of the cerebial edema as pioducing through 
medullai y compression an elevation of blood pressure as its sole 
symptom 

The group of symptoms here teimed the hypertensive encephalop- 
athy A^as subdivided by Volhard® in his original desciiption into two 
pathogenetically distinct parts, acute and chronic false uremia In acute 
false uremia, he considered the symptoms due to cerebral edema, in 
chronic false uremia, to cerebral angiospasms We do not believe that 
such a division can be carried out, for the primar}'- pathogenetic factor 
all the cases is the ceiebral anemia resulting from arteriolar constric- 
tion, the edema being one of the consequences of the ischemia In turn, 
the edema also produces symptoms in some cases, but this is secondary. 
The attacks which come and go as quickly as did the individual seizures 
'in the case described are evidently the direct lesults of the cerebral 
I vasoconstriction However, we have seen that these attacks may be 
frequently repeated ovei a long period of time so as to give a “chronic” 
picture despite the fact that at no tune is there evidence of edema of the 
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brain As is -n’ell know n from postmortem observ'ations, a considerable 
degree of cerebral edema may be present w ithout causing an}' symptoms,' 
bur in those cases of h}’pertensne encephalopathy in which the cerebral 
S}-mptoms present for a considerable time a picture simulating that of 
tumor of the brain with severe headache, cerebral vomiting, perhaps 
com-ulsions or focal cerebral SA-mptoms wuth a high pressure of the 
cerebrospinal fluid and well marked choked disks (in one of our cases 
more than 5 diopters), it is probable that there is marked edema of the 
brain Such cases are seen particular!}' in the toxemia of pregnancy 
and in children w'lth glomerulonephritis However, moderate papil- 
ledema or increased pressure of the cerebrospinal fluid in themselves do 
not necessarily indicate edema of the brain in a hypertensive patient 
The papilledema may be the imtial phase of albuminuric retinitis, as is 
not at all uncommon, and may have no relation to increased intracramal 
tension And it is not uncommon to find long continued moderate ele- 
^ ation of the subarachnoid pressure in hypertensive patients, though no 
other eiidence of edema of the brain develops and none is found at 
necropsy 

There does not seem to be an}' convincing evidence that edema of 
the brain, in itself and in the absence of artenal hypertension, can pro- 
duce the picture of the hypertensive encephalopathy in nephrosis 
\'olhard ^ mentioned a case said to hat e been obser\ ed b} another, but 
does not seem to ha-\ e seen one himself 

From all aiailable evidence, the cerebral syndrome here called the 
Uypertensive encephalopathy has as its essential cause artenal hyper- 
tension, edema of the brain being only inconstantly present as a result 
of the lupertension though it ma} when present, contribute essentiall} 
to the clinical picture ^^''e do not know w h} the h}^ertensive encepha- 
lopath} complicates only certain Aarieties of hypertension — those found 
in glomerulonephntis the toxemia of pregnancy and lead poisomng — 
but does not occur m so-called essential hypertension It wall be noted 
that the vanePes of h}pertension m which the hypertensive encepha- 
lopathy occurs are those in which the hypertension often arises, or is 
mcreased suddenly while in essential h}'pertension the increased blood 
pressure usually sets in gradually We do not know' whether this 
difference is significant for the pathogenesis of the hypertensn e enceph- 
alopathy The mechanism of the cerebral vasoconstriction- m these 
cases IS as dark as that of the Iwpertension itself \'aquez ® belie\ed tlie 
vasoconstnction to be due to epinephrine, but this is no more proved 
than his epmephnne theoiw' of h} pertension In the cases of lead poi- 
soning, the -v-ascular contraction is presumably due to the action of the 
lead on the vessels and in the toxemia of pregnancy to the h}'pothetical 
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eclampsia toxin Foster claimed to have isolated a ciystallme base that 
pioduces convulsions from the blood of nephritic patients with convul- 
sions, but this inteiestmg investigation, so far as we know, has never 
been confirmed The genesis of the cerebral vasoconstriction, like that 
of the antecedent vasoconstriction, must as yet be considered as com- 
pletely unexplained 

That cerebral anemia can produce epileptifoim convulsions has been 
known since the classic expeiiments of Kussmaul and Tennei They 
were able to produce immediate epilepiform convulsions in the labbit 
by ligating the aiteries to the head Immediately after the hgatuie was 
released, the convulsions ceased Recently, it has been shown by Dandy 
that clonic convulsions can be produced only by stimulating the motor 
cortex, and no othei cortical or subcoitical regions, consequently, the 
motor cortex must be involved in the cases showing epileptifoim con- 
vulsions 

SUMMARY 

The acute cerebral episodes of diffuse glomerulonephritis, the tox- 
emia of pregnancy and acute lead poisoning are symptomatically 
identical, consisting of such symptoms as epileptifoim convulsions, coma, 
violent headache, cerebial vomiting and such focal cerebral symptoms 
as aphasia, amaurosis and hemiplegia 

These ceiebral episodes occur only in patients with arterial hyper- 
tension and aie generally preceded by an additional rise in blood pies- 
sure above the pievious high level For this reason, the term 
hypei tensive encephalopathy is proposed for the acute ceiebral epi- 
sodes occurring in hypertensive states 

The hypertensive encephalopathy is not the result of impaired renal 
function, so the term acute uremia is a misnomer 

Available evidence indicates stiongly that the hypei tensive encepha- 
lopathy IS the result of cereliral anemia produced by cerebral 
vasoconstriction The cerebral edema which is present in some, but 
not in all, of the cases is secondary to the vasoconstriction, though the 
exact mechanism of the connection is not clear While the cerebial 
edema produces symptoms in some cases, it is not the essential cause of 
the hypertensive encephalopathy 

23 Foster Uremia, Harvey Lectures 16 52, 1920-1921 

24 Kussmaul and Tenner Epileptiform Convulsions from Hemorrhage, New 
Sydenham Society, London, 1859 

25 Dandy Experimental Investigation of Convulsions, J A M A 88 90 
(Jan 8) 1927 



278 


ARCHIVES OF INTERNAL MEDICINE 


A case of recurrent hypertensive encephalopathy is described in 
%vhich the cerebral episodes were repeated man}’- times and in varying 
forms over a period of twenty months 

Generalized convulsions are rarely a symptom of true uremia, hav- 
ing occurred in only two of fifty-one cases of chronic interstitial nephn- 
tis showing mtrogen retention 



INFLUENCE OF POSTURE ON PHENOLSULPHON- 
PHTHALEIN TEST FOR KIDNEY FUNCTION 

NARCISO CORDERO, MD 

AND 

MAURICE H FRIEDMAN, SB 

CHICAGO 

Studies on the so-called functional albuminuria, also variously 
designated as cyclic, intermittent, physiologic, orthostatic, etc , first 
focused attention on posture as a factor m lenal actnity Natuially, 
the criterion most often used in the earlier works on this subject was 
the appearance of albumin in the urine The volume of urine excreted 
in different body postures had been recorded by some mvestigatoi s only 
as subsidiary observations Edel ^ noted decreased urine volume during 
the standing posture coincident with the maximum albuminuria and, 
conversely, an increased volume on the assuming of a lecumbent posture 
when albumin disappeared from the urine Linnoisier and Lemoine” 
studied the influence of posture on renal activity by making twelve hour 
observations on renal and albuminuric patients Notwithstanding the 
lack of adequate control of diet and water intake, they could observe 
a definite decrease, not only of the urine, but of urea and chlorides, 
during standing, as compared with the urine collected while the subjects 
were m bed They also ^ found that the excretion of potassium iodide 
and of methylene blue was distinctly lowered when the patient was in the 
standing posture, and called attention to this factor in connection with 
the renal function tests in vogue at the time These authors thought 
that the decreased secretion in the upright position was due to “torsion 
of the renal pedicle” brought about by a slight descent of the kidneys 
due to giavitj'- In support of this theory they point out^ that in 
pregnant women a reverse relationship obtains, namely, increased lenal 
activity on standing and decreased on lying down, the weight of the 
gravis uterus compiessmg kidney and pedicle more m the recumbent 
than in the erect position Their data on this point are meager, and, 
as they themselves admit, this relationship is not constant 

Since the general adoption of the better and quicker method of test- 
ing renal function introduced by Rowntree and Geraghty,® little or no 

From the Physiology Laboratory of the University of Chicago 

1 Edel Munchen med Wchnschr 48 1833, 1901 

2 Linnoisier and Lemoine Compt rend Soc de biol 55 466, 1903 

3 Linnoisier and Lemoine Compt rend Soc de biol 55 60S, 1903 

4 Linnoisier and Lemoine Compt rend Soc de biol 58 691, 1903 

5 Rowntree and Geraghty J Pharmacol & Exper Therap 1 579, 1910 
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attention has been given to posture as a possible modifying factor 
In 1916 Barker and Smith ® reported phenolsulphonphthalein tests on 
six patients with orthostatic albuminuria, but were able to test the 
influence of posture on only two of them One patient (case 1) 
shoved a distinct inci eased phenolsulphonphthalein excretion in the 
recumbent posture over that in the upright position The other patient 
(case 6) did not show any change Noigaard," using a modification 
of the Strauss water test in twelve cases of orthostatic albuminuria 
found much reduced elimination of water and chloride during four 
hours of standing as compared with the elimination in similar periods 
of recumbency 

While considerable work has been done on patients with orthostatic 
albuminuria, little has been done to test the influence of changes of 
posture in renal activity on normal persons Recently, White, Rosen, 
et al in a series of well conti oiled experiments on normal persons, 
proved conclusively that lenal activity, as a whole, is increased in the 
recumbent posture as judged by the greater elimination of water and 
solids, except ammonia, when compared to that in standing 

The present studies were undertaken to determine the influence of 
posture on the phenolsulphonphthalein lenal function test to see whether 
such an influence manifests itself, and if so, to what extent in normal 
persons It was felt that such data would be useful in interpreting 
the results m pathologic cases and might suggest new aids to differential 
diagnosis 

PROCEDURE 

The experiments were made on two healthy laboratory workers, with neither 
s 3 'mptoms nor pre\ious history of impaired kidnej' function The intake of food 
and water on the night preceding the experiment was not rigidly controlled save 
for the usual habits of the person On the following morning, however, the 
subjects partook of a standard breakfast which excluded tea, coffee and water 

The tests were carried out as follows 1 cc of a solution containing 6 mg 
of phenolsulphonphthalein was injected subcutaneously The bladder was 
emptied, a definite quantity of water was taken by mouth, and the subject was 
made to lie quietly m bed for two hours During this period hourly samples of 
urine were collected, their -volumes w^ere measured and the amount of dje 
eliminated w^as determined colonmetncally in the usual way At the end of the 
two hours a second subcutaneous injection of the same amount of dye was 
administered, the same quantity of w'ater was drunk, and the subject changed 
to the standing position for another two hours, avoiding muscular exertion as 
much as possible Samples of urine were collected hourly and examined as 
before Or, con^ersely with the same general procedure, the subject started the 
experiment in the standing posture and ended in the recumbent Most of the 
control procedures were carried out in essentially the same manner as the fore- 


6 Barker and Smith Am J il Sc 151 44, 1916 

7 Norgaard Acta med Scandinav 8 304, 1923 

8 White, Rosen et al Am J Physiol 78 185, 1926 
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going except that instead of the posture being changed during the last two hours 
the subject continued in the same posture he started with A few control experi- 
ments were carried out along these same lines but with only one subcutaneous 
injection of 6 mg of the dye This type of control was subsequently abandoned 
as being of little value for the purpose m view 

At first, the intake of water during the experiment was fixed at 200 cc per 
two hours, taken immediately after the injection of the dye Due to the difficulty 
experienced by one subject (M H F) in voiding small quantities of urine, it 
was decided to increase the water intake in both subjects and to give the water 
in two doses As a result, M H F , the larger of the two, received m the later 
experiments 300 cc at the time of injection, and 200 cc at the beginning of the 
second hour of each two hour period Similarly, N C received 200 cc and 
100 cc for each two hour period In this manner we could assure a fairly uni- 
form diuresis throughout the two successive two hour periods, without gastric 
discomfort 

From time to time the urines were tested for albumin One subject, N C , 
was able to urinate e\ery thirty seconds In this person the first appearance of 
the dye in the urine was observed from time to time From the constantly 
negative albumin tests and the unchanged first appearance time of the dye, 
together with the complete absence of any abnormal subjective feelings we feel 
reasonably certain that our results were obtained from kidneys that remained 
normal throughout the rather long series of injections 


RESULTS 

Table 1 represents the lesults on N C and M H F, grouped 
according to the type of proceduie followed 


Group A, R 1 S 2 
Group B, SiR= 
Group C, RiR= 
Group D, S 1 S 2 


= two injections, one at the start, another after two hours 


Group E, RiR 2 , 
Group F, S 1 S 2 


Only one initial injection 


R stands for recumbent, S, for standing The number following the letter indi- 
cates 1, the first two hours , 2, the last two hours All the figures for excretion 
are totals for two hour periods 


For convenience of expiession the 6 mg of phenolsulphonphthalein 
injected has been designated 100 units This enables us to distinguish 
the actual quantity excreted fioni the percentage elimination, especially 
in dealing with the percentage elimination of the last two houis, in 
which we have to reckon with a residue from the previous two hour 
period There is no way of estimating accurately the amount of this 
residue A certain portion of the dye is excreted through other 
channels, and some may be desti oyed in the body These are, however, 
relatively small quantities for two hours, compared with that eliminated 
through the kidneys By subtracting the elimination of the first two 
hours from the 100 units injected at the start, we get a figure which 
IS our closest appioach to the quantity of this residue The number of 



Table 1 — Results of Tests to Detenmne Influence of Posture on Renal Function 


EXPrRIJIENTS Olf K C 


A 


B 


C 


D 


F 


F 


A 


B 


C 


D 


E 


F 


Recumbent first 2 hours (Ri) Standing- last two hours (Si) 


Dye Water Cc Dye Water Cc 

X X 



Elimination 



Units 

Elimination 



Evp 

per Cent 

Intahe 

Output 

m Body * 

per Cent 

Intake 

Output 

1 

661 

200 

73 

133 9 

43 2 

200 

79 

2 

74 4 

200 

350 

IS 6 

381 

200 

232 

21 

44 0 

300 

373 

156 0 

39 2 

300 

372 

25 

7li 

300 

353 

128 0 

414 

300 

282 

29 

43 4 

300 

452 

156 8 

378 

300 

310 

4S 

01 9 

300 

241 

1381 

511 

300 

341 

52 

62 7 

300 

480 

137 3 

56 8 

300 

309 


Standing first 2 

hours (Si) 


Recumbent last 2 hours (Ri) 


3 

43 7 

200 

IS 

156 3 

50 2 

200 

576 

4 

46 6 

200 

155 

153 4 

395 

200 

369 

23 

44 0 

300 

207 

156 0 

46 4 

300 

752 

27 

40 0 

300 

69 

160 0 

40 3 

300 

491 

38 

51 5 

300 

89 

148 5 

54 3 

300 

490 

46 

471 

300 

157 

152 9 

58 7 

300 

555 

54 

52 0 

300 

48 

148 0 

623 

300 

675 


Recumbent first 2 hours (Ri) 


Recumbent last 2 

hours (R=) 


33 

607 

300 

205 

139 3 

49 2 

300 

731 

36 

564 

300 

210 

143 6 

53 9 

300 

712 

42 

55 2 

300 

265 

144 8 

53 9 

300 

751 

50 

57 5 

300 

168 

142 5 

49 4 

300 

750 


Standing first 2 

hours (Si) 


Standing last t-wo 

hours (S 2 ) 


30 

46 0 

300 

117 

154 0 

47 8 

300 

392 

31 

45 0 

300 

118 

155 0 

40 0 

300 

392 

40 

57 9 

300 

172 

1421 

521 

200 

210 

44 

571 

300 

160 

142 9 

547 

300 

463 

56 

63 6 

none 

93 

136 4 

629 

none 

60 


Recumbent first 2 hours (Ri) 


Recumbent last 2 

hours (R 2 ) 


11 

327 

500 

604 

67 3 

S9 

150 

590 

13 

34 1 

500 

580 

659 

18 5 

200 

670 

16 

513 

500 

539 

487 

35 9 

200 

581 


Standing first 2 

hours (Si) 


Standing last two 

hours (S 2 ) 


9 

49 3 

500 

228 

507 

21 3 

200 

311 

14 

539 

300 

65 

461 

35 7 

300 

233 

18 

50 2 

500 

282 

43 8 

367 

200 

263 



EXPERIMENTS 

ON M H 

F 




Recumbent first 2 

hours (Ri) 


Standing last two 

hours (S 2 ) 



Dve 

Water Cc 

X 

Dje 

1 

Water Cc. 


f 

Elimination 


\ 

Units 

Ehmination 


► 

Exp 

per Cent 

Intake 

Output 

in Body * 

per Cent 

Intake 

Output 

5 

789 

400 

517 

121 1 

60 0 

400 

U5 

7 

59 3 

400 

515 

140 7 

41 2 

400 

106 

24 

668 

500 

524 

133 2 

57 9 

SOO 

210 

28 

93 0 

500 

500 

107 0 

692 

500 

168 

39 

65 4 

500 

585 

134 6 

44 8 

500 

233 

47 

639 

500 

572 

1361 

61 2 

500 

236 

55 

71 1 

500 

540 

1289 

607 

500 

128 


Standing first 2 

hours (Si) 


Recumbent last 2 

hours (R 2 ) 


6 

48 5 

400 

271 

151 5 

441 

400 

868 

8 

47 0 

400 

245 

159 3 

50 7 

400 

580 

22 

860 

500 

IS 

114 0 

711 

500 

910 

26 

72 9 

500 

117 

1271 

566 

500 

921 

49 

632 

500 

139 

186 8 

701 

500 

794 

53 

02 9 

500 

115 

1371 

619 

500 

694 

57 

73 2 

500 

67 

IS 8 

76 7 

500 

771 


Recumbent first 2 

; hours (Ri) 


Recumbent last 2 

hours (R 2 ) 


32 

64 9 

500 

434 

ISl 

660 

500 

SOI 

35 

631 

500 

456 

136 9 

59 3 

500 

763 

41 

81 5 

500 

423 

118 5 

741 

300 

588 

45 

67 9 

500 

890 

1321 

69 5 

500 

611 


Standing first 2 

hours (Si) 


Standing last two 

hours (S 2 ) 


34 

604 

500 

368 

139 6 

52 2 

500 

414 

37 

56 7 

500 

54 

143 3 

612 

500 

66 

43 

70 3 

500 

110 

129 7 

70 8 

500 

484 

51 

61 5 

500 

220 

138 5 

607 

500 

237 


Recumbent first 2 hours (Ri) 


Recumbent last two hours (Rs) 


12 

5( 7 

700 

547 

42 3 

309 

200 

317 

15 

74 4 

700 

443 

S6 

30 4 

400 

668 

19 

77 7 

700 

393 

223 

40 3 

400 

629 


Standing first 2 

hours (Si) 


Standing last 2 hours (S:) 


10 

47 7 

700 

220 

52 3 

323 

400 

197 

17 

675 

700 

438 

325 

59 0 

400 

179 

20 

600 

700 

450 

40 0 

43 5 

400 

160 


♦These columns include the amount ot dve left presumably from the previous injection 
plus the quantity given m the second injection, when this has been done All figures for dye 
and -water elimination are for two hour periods 
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units of this probable residue plus the 100 units injected at the begin- 
ning of the last tivo hour period gives the figures given under the column 
^‘units in body,” from which the percentage elimination of the last two 
hours is calculated Considering that the destruction of the dye in the 
body and the elimination through extrarenal channels are comparatively 
small, and that these factors operate in every case at equal periods 
of time, namely, two hours, we feel that our calculation of this residue, 
though not exact, is accurate enough for comparative purposes 

In spite of variations in individual figures, the results indicate a 
definite though not marked increase in dye elimination m the recumbent 
posture, amounting in two hours with the quantities used, to about 
10 to 13 per cent of the excretion of the erect position This tendency 



Fig 1 — Influence of posture on phenolsulphonphthalem elimination indi- 
cates recumbent first two hours , R:, recumbent last two hours Si, standing first 
two hours, S-, standing last ti\o hours, ordinates, percentage elimination, abscis- 
sas, individual results arranged m order of increasing magnitude 


is manifest with the vaiious criteria used in evaluating the results 
More striking is the effect on the volume of urine of the recumbent 
posture, showing an increase of more than 100 per cent over that of 
the two hour standing period 


ANALYSIS OF DATA 

Phenolsulphonphthalem Evcretwn — Several ways of comparing the 
dye elimination (table 1) are possible 

1 Comparison of Ri, the two hour elimination following the first 
injection in the recumbent posture, with S^, the two hour elimination 


{ 
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following the first injection in the erect posture, in the experiments 
of all groups 

2 Compaiison of Rj, the percentage of elimination following the 
second injection m i ecumbenc)’-, with S,, the peicentage elimination 
following the second injection while standing, in the experiments of 
groups A, B, C and D 

Chart 1 represents graphicall}’- the foregoing comparisons for N C 
and M H F The ordinates repiesent percentage elimination, and 
the abscissas, the individual results arranged in order of increasing 
magnitude The elimination during the lecumbent postuie was dis- 
tinctly higher than that duiing standing Two extiemely low recum- 


Table 2 — Compaiison of Peicentage Ehmtnatwn Duiing Successive Two Hour 

Pei tods on the Same Day '' 





Group 0 


Group B 

Subject 

Group A S 2 - 

-El (Control) Ei— Hi 

Group B Es- 

-Si (Control) S 2 — Si 


—23 9 


—115 

-!- 65 

-1-18 


—36 3 


— 25 

— 71 

-41 


— 48 


— 13 

24 

—58 

N 0 

—30 0 


— 81 

+ 63 

—24 


— 56 



-t- 28 

—0 7 


—10 8 



■file 



— 59 



-1-10 3 


Mean 

—16 6 


— 58 

- 1 - 47 

—22 

Attributable to change of 





posture 


—10 8 



-1-69 


—18 9 


-1-11 

— 4 4 

—82 


—181 


— 38 

-flOO 

-1-4 5 


— 89 


— 74 

—14 9 

+0 5 

M H r 

—23 8 


-1-16 

—16 3 

—08 


—20 6 



-f 69 



— 27 



— 10 



—10 4 



-f- 3 E> 


Mean 

—14 8 


— 21 

— 23 

—10 

Attributable to change of 





posture 


—12 7 



none 


* TaEcn from the experiments of groups A, B 0 and D, table 1 

* llie figures indicate hoTv much more (+) or less ( — ) is the the excretion of the first trvo 
hour period than that of the second tuo hour period 


bent figures for N C fall distinctly below the lower limits of the 
standing elimination The subject had a seveie cold, slight headache and 
general malaise at the time of those tests Similar low values were 
never again encounteied in the whole series These two results may 
thus be discarded Yet, even including them in the series under the 
consideration, the average of the recumbent figures is distinctly higher 
Chart 1 also brings out the fact that the percentage of excretion during 
the first two hours, as well as duiing the last t^^o hours, was decidedly 
greater in M H F than in N C , a fact which will perhaps not be 
brought out by a few isolated tests Likewise, the recumbent increase 
of elimination over the standing was greater in M H F 

3 Comparison of the four hour elimination in recumbency and 
standing following one injection of the dye Groups E and F, which 
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fall under tins category, indicate increased recumbent excretion for 
M H F but not for N C In tlie latter case, howmei, two of the three 
recumbent tests are the exceptionally low ^ allies mentioned previously 
Foi the expel iments on N C , therefore, this criterion is indecisue 
4 Comparison of the percentage of elimination during standing and 
during lecumbency on the same day From table 3 it is appaient that 
the d 3 ^e elimination in the second of successive two houi periods was 
usually a little less than that of the fiist period, if the postuie remained 
unchanged (experiments of groups C and D) When the posture was 
changed fiom the lecumbent to the elect, the elimination during the 
second penod was more markedly decreased This was true in both 
N C and M H F (expenments of group A) When, however, the 
change iras made fiom the eiect to the recumbent posture, only in 

Table 3 — Foiii Horn Output of Uitne 



Kecumbcnt 

Jl . . 



standing 

1 


t ■ 







Output, 

Cc 


Output, Cc 


/ 

per 100 


f 

per 100 

Subject IntnLe, Cc 

Actunl Cc Intale 

Intake, Cc 

Actual 

Cc Intake 

000 

93G 

ISO 

COO 

509 

85 

COO 

92-2 

153 

600 

510 

85 

COO 

1,016 

169 

500 

8S2 

76 

X c m 

928 

153 

000 

623 

104 

C50 

1,194 

183 

700 

5S9 

77 

700 

1,27)0 

17S 

600 

29S 

49 

700 

1,120 

ICO 

700 

o4S 

7S 

1,000 

1,233 

123 

1,000 

7S2 

78 

1,000 

1,210 

123 

1,000 

120 

12 

soo 

1,011 

120 

1,000 

594 

59 

ii H r 1,000 

1 501 

150 

1,000 

457 

46 

000 

£64 

90 

1,100 

417 

S8 

1,100 

1,111 

101 

1,100 

617 

56 

1,100 

1,022 

93 

1,100 

610 

55 


N C was theie a definite inciease m elimination This will be referred 
to later 

Elimination of Watei — Water, unlike phenolsulphonphthalein, is 
necessary m the body economy and behaves like a threshold substance 
Since bod}^ water balance is generally constant, water excretion is 
proportional to the intake, other things being equal, and for the relatively 
short periods of observation made in the present experiments, the elimi- 
nation at any particular peiiod was also influenced by the excretion of 
the previous periods The room temperature did not vary more than 
3 C from day to day duiing the seven months covered by these experi- 
ments, so the variations in excretion of water through the kidneys due 
to this factor may be neglected 

1 Comparison of the output of the first two hours in one posture 
with that of the first two hours in another posture Chart 2 represents 
such a comparison taken from all the groups of experiments in table 1 
The ordinates give the volume of excretion per hundred cubic centi- 
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meters of intake, and the abscissas are the individual results arranged 
in order of magnitude The increased volumes in recumbency are 
striking and consistent 

2 Comparison of the total output in the experiments of groups C, 
D, E and F in which one posture was kept for foui hours Recum- 
bency increased the output from 50 to 200 per cent of the volume 
during standing, as may be readily seen from table 3 

3 Comparison of volumes of urine of two successive two hour 
peiiods on the same day When one posture was maintained through 
the two successive periods, the urine volume of the second period was 



Fig 2 — Influence of posture on urine output Ri indicates recumbent first 
two hours. Si, standing first two hours, ordinates, volume per hundred cubic 
centimeters intake, abscissas, individual results arranged in order of increasing 
volumes 


a little greater than that of the first A change from the recumbent 
to the erect posture effected a striking decrease in volume of urine 
(table 4) Conversely, a change from the erect to the prone position 
effects a significant increase in volume 

Volume of Uime and ExoeHon of Dye — Rowntree and Geraghty ® 
stated that the elimination of phenolsulphonphthalein was independent 
of the volume of output of urine Snowden,® however, in 1921 reported 

9 Snowden Arch Int Med 28 603, 1921 
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that for diseased ladneys the percentage of dye eliminated ran fairly 
parallel with the volume of the urine Similarly, Lundsgaard and 
Moeller,^® on patients with cardiac disease but no albuminuria, observed 
that with extremely low volumes of the urine the elimination of dye 
was also decreased 

Although such low volumes (10 cc or less) as those reported by 
Lundsgaard and Moeller were never encountered by us, our data dis- 
close absolutely no correlation between the volume of urine and the 
elimination of dye It may be leasonable to assume that the damaged 
renal cells of nephritic patients are less able to work with small vol- 
umes than 1101 mal cells Yet, it is difficult to disregard the possibility 


Table 4 — Compmison of Volumes of U)tne Per Hundied Cubic Cenhmeieis 
Intake of Two Successive Two Houi Pei tods on the Same Day* 




Group C 


Group D 


Group A 

(Control) 

Group B 

(Control) 


Ss— E 

El— El 

E=— S 

S:^Si 


+ 3 

-rl75 

-)-225 

-8 91 


—59 

-1-167 

-H07 

-8 91 


0 

-i-162 

-1-1S2 

-8 48 

X c 

—u 

-^194 

-1-141 

-8101 


-^7 


-H33 



-f34 


-1-133 



—57 


-r209 


Average 

—215 

-^174 5 

-1-147 

-8 83 

Effect of change to standing posture 

—196 

Effect of change to 

recumbency -864 


—100 

T 73 

■fl49 

-810 


—103 

+ 61 

-1- &4 

-8 2 


— 63 

-1-112 

-1-157 

-875 

M H E 

— 7S 

— ■ 56 

-M61 

+ 3 


— 70 


-flSl 



— 67 


-8116 



— 82 


-8141 


Average 

— 805 

-1- 47 5 

-^134 

-822 5 

Effect of change to standing posture 

— 12S0 

Effect of change to recumbency -8111 5 


* The figures represent the increase (+) or decrease ( — ) m volume of the second two hour 
penod as compared with that of the first two hour period The suhnumerals i and follow- 
ing E or S, denote the first and second two- hour periods respectively 


that the conditions giving rise to reduced excretion of dye con- 
comitantly cause reduction of volume of output, and that the reduced 
volume and excretion of dye, though often coexistent, do not necessarily 
depend on each other unless extiemely low volumes are encountered 

Dements of the Sttbcntaiieous Injection — ^The current practice in 
the application of the phenolsulphonphthalein test for renal function is 
to employ the intravenous route Unquestionably when this method is 
followed one variable is eliminated In fact when we examine the 
data on the use of the intravenous method we are struck at once, not 
only by the unifoimity, but by the higher percentages of the elimination 
of the first hour While these data have remained more or less unchal- 
lenged, the following facts have been generally overlooked 

10 Lundsgaard and Moeller Acta med Scandmav 63 242, 1926 




288 


ARCHIVES OF INTERNAL MEDICINE 


Most of the data purporting to show the advantages of the intra- 
venous route consist of one test on different persons, and emphasize 
especially the first hour elimination There are only a few instances in 
which more than thiee or four tests have been made on the same 
person, either by the subcutaneous or by the intravenous route alone 
By arranging our data in chronological order we noted several groups 
of from two to five successive experiments in which the two hour 
excretion of d} e was remarkably constant, being well within a variation 
of 10 per cent It is possible that the fiA'^e or six experiments on the 
same person which are offered as evidence of the reliability of the intra- 
venous route are such a group as we have encountered , especially if the 
senes of expenments is done within a short interval, when the circula- 
tion, diet, vater intake and general body condition are fairly constant 
Certainly, so few experiments do not permit a statement as to the 
rehabilit}’’ of any particular technic 

Sugimura and Aomura studied the excretion of phenolsul- 
phonphthalein on twenty-four healthy subjects, using different routes of 

T^ble S — Taken fiom Sngiinnia and Aomwa 


Two Hour Percentage Excretion 
* 


Mode of Injection 

Highest 

Lowest 

Mean 

Subcutaneous 

CS4 

S9 0 

584 

IntniDuscular 

79 8 

44 0 

&12 

IntTarenous (with nater mtahe) 

Si7 

43 0 

726 

(without iiater intahe) 

79S 

43 0 

6S2 


injection on each From table 4 of their paper we calculated the two 
hour excretions vith the different methods of injection used and found 
the following 

Sugimura and Aomura point out the advantages of the intravenous 
route in the following terms “Die Ausscheidung Kurve erreicht dabei 
schon in der ersten halten Stunde ihren Kulminationspunkt urn in der 
zweiten halben Stunde wieder steil abzufallen Bei subkutaner und 
intramuscularer Injelction zeigen sich die Kun'^en als mehr inkonstant ” 
In other words, emphasis is again given to the first hour From the 
foregoing recalculated tivo hour table, the higher values for intravenous 
injection are evident, but it is also clear that as to the question of vari- 
abilit)’-, one method of injection shows as much lack of uniformity as 
another 

Apparently, then, when the n\o hour excretions are taken into 
account the subcutaneous method of administration is not consistently 
more variable than the other methods The multiplicity of factors 
capable of affecting the results makes one or two tests of little value in 

11 Sugimura and Aomura lohoku J Exper Med 7 125, 1926 
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medical cases The subcutaneous route will permit as many determina- 
tions as necessar\ on the same patient, provided edema is not present 
Our data, we believe, adds one more evidence to the already well known 
harmlessness of phenolsulphonphthalein, even with prolonged use Fur- 
thermore, there is no evidence of development of any form of inci eased 
storage or increased destruction in the body 

INTERPRETATION 

The variability of results even on the same subjects will always 
detract from the value of any small senes of experiments of this nature 
But our analysis of twenty-eight experiments on each of two subjects 
convinces us that theie is a definite though not maiked increase of fiom 
10 to 13 per cent in the two hour elimination of phenolsulphonphthalein 
in the recumbent position as compared with that m standing Our belief 
IS strengthened, furthermore, by the fact that the degree of diffeience 
IS always greater in M H F than in N C with the various criteria used 
in evaluating the results If the data are reliable enough in revealing a 
definite and constant individual difference, it follows that the definite 
and constant difference between standing and recumbency must be quite 
real 

Lundsgaard and Moeller,^® in consideiing the extrarenal factors 
influencing the elimination of phenolsulphonphthalein, aie led to believe 
that the excretion of this dye depends on the local circulation m the 
kidneys, which may be influenced by conditions affecting the general 
circulation, and that consequently the phenolsulphonphthalein test is “of 
consideiable value as an early and frequently occurring sign of ciicula- 
tory insufficiency ” White and his co-workers ® discuss at length the 
probable causes of the postural effects on renal activity The kidney 
vessels, perhaps, participate in the general body relaxation accompanying 
rest in bed Regaidless of the mechanism of urine foimation the caliber 
of the local blood vessels must be an impoitant factor With a laige 
capillary bed, other things being equal, there will be a greater filtration 
and a greater local circulation rate, although the two need not be coex- 
istent, as indicated by the fact that water, pre-eminently dependent on 
filtration for its formation, may be increased while dye excretion is low , 
or decreased, with a high rate of excietion of dye That the local cir- 
culation rate is increased in recumbency is made the more probable by 
the fact that the general circulation rate is greater in recumbency, as 
shown by Field and Bock,^- Rosen and White, Turner and others 
Abundant experimental data have accumulated to support the view that 


12 Field and Bock J Chn Investigation 2 67, 1925 

13 Rosen and White Am J Ph>siol 78 158, 1926 

14 Turner Am J Ph 3 Siol 80 601, 1927 
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the local blood supply to the kidneys is strongly controlled by nervous 
influences If the influence of recumbency depends on the state of 
relaxation of the local blood supply, then it must in large measure depend 
also on nervous influences That this might be so is indicated by the 
fact that, whereas, in changing from recumbent to standing the diffei- 
ence in elimination due to posture is clear, m changing from standing to 
recumbent, it is less clear This fact may be interpreted to mean that 
m the early morning hours, coming from home to the laboratory, the 
body IS still in low nervous tension from the previous night’s rest 
Hence, when the recumbent posture is assumed first, relaxation is easier 
When, however, the recumbent posture is assumed after two hours’ 
standing, relaxation is not so easily obtained From table 2 it is easy 
to see that the difference in dye excretion attributable to posture is 
greater in changing from recumbent to standing than in making the 
reverse change Furtheimore, in M H F no difference could be 
attributed to the posture in changing from standing to recumbent This 
subject was of a high strung nervous constitution, and his powei of 
voluntary relaxation was not good, as shown during metabolism tests 
done on him in connection with some other work, and also by his diffi- 
culty of voiding small volumes of urine 

It will be interesting to determine to what extent posture influences 
renal activity in those with cardiorenal disorders Will posture influence 
kidney function more in predominantly cardiac disorders than in pre- 
dominantly renal conditions ^ Might the posture effect on the excretion 
of dye and water considered separately give a clue for differential diag- 
nosis^ It IS hoped that these problems will be worked out by experi- 
menters who can command proper facilities for further investigation 

As a result of the foregoing studies and the possibilities mentioned, 
it seems essential that renal function tests should be made with the 
patients in recumbent posture to eliminate one more variable, especially 
in borderline cases It might be advisable, furthermore, to give water 
in fractional doses, with a view to assuring at the time of collection of 
the sample, a volume large enough to stimulate micturition even in 
nervous subjects, and yet small enough to exclude the possibility of 
renal inhibition by bladder distention 

SUMMARY AND CONCLUSIONS 

1 The elimination of phenolsulphonphthalem m normal persons is 
greater m the recumbent posture than during standing The difference 
(from 10 to 13 per cent) though definite is not marked, but should be 
taken into account m making phenolsulphonphthalem tests m borderline 
cases The possibility that the difference might be greater m cardio- 
renal disorders is pointed out 
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2 The effect of lecunibency in increasing the volume of output is 
marked (from 50 to 200 pei cent), confiiming the results of the earhei 

investigatois 

3 The probable causes of these postuial effects are discussed 

4 On the basis of fifty-seven experiments on two subjects, at inter- 
vals of at least five days, it is shown that the hypodermic route is not 
as unreliable as is generally believed when the two hour eliminations are 
taken into account 

5 The absence of toxic effects duimg the eight months coveied m 
these studies is ofTeied as one moie evidence of the harmlessness of 
phenolsulphonphthalein Theie is no evidence of the development of 
any increased storage oi inci eased destruction m the body during this 
frequent and long continued use 

6 Slight modifications in the technic of renal function tests are 
suggested 
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Clinical Physiology in Relation to Modern Diagnosis and Treatment 
By Robert John Stewart McDowell, DSc, MB, CRCP (Edin), 
Professor of Physiology, King’s College, University of London Price, $7 
Pp 383, including an index, and a bibliography of six pages of recent 
books and monographs New York D Appleton & Company, 1927 

According to the author, the book is intended for senior medical students 
and practitioners of medicine whose busy lives do not permit them to read 
more extensive textbooks The author, thus, assumes on the part of the 
readers the knowledge secured in a thorough course m the fundamentals of 
physiology, and on the basis of this he endeavors to analyze or explain symptoms 
of disordered functions in patients 

This IS not the first nor the ablest venture in this field The informed 
reader finishes the book with the feeling that Professor McDowell has not 
materially improved on Hewlett’s “Pathological Physiology,” and in many 
chapters he is clearly inferior to the latter On the whole the Professor 
McDowell shows less critical judgment in the handling of conflicting data 
than the late Professor Hewlett 

In speaking of medical students, the author says that “it is extremely diffi- 
cult, indeed almost impossible from the study of ordinary textbook physiology, 
for him to see why a cardinal symptom of cardiac disease should be breath- 
lessness ” One may assume that today the student in every up-to-date medical 
school is given more than textbook physiology A senior medical student 
■who IS nonplussed by seeing dyspnea in a patient with marked cardiac impair- 
ment either does not know his physiology or he has not learned to think 

The chapters on “Psycho-therapeusis” and on “Balance of the Endocrine 
Organs” seem particularly weak and speculative We have a puff for a much 
advertised book selling scheme in the following sentence “A system of memory 
training such as Pelmanism, is efficacious in that it forms associations of value 
around certain words ” One is assured that “psychology is a true science ” 
It would be nearer the truth to say that the best psychologists are working 
earnestlj to make psychology a science The chapter on “Endocrine Balance” 
IS filled with vague statements such as the following “The pituitary body 
(anterior lobe) is specially related to the structural adaptation of the body 
to its physical environment ” “The posterior lobe of the pituitary is concerned 
with the adaptation of the body processes necessary in the continuation of 
the species ” The following appears as bald statements of proven facts 
“Both these glands (thyroid, pituitary) become atrophied in contraction ” 
“The thjToid and pituitary are normally antagonistic to the pancreas ” “The 
sympathetic is associated with activity or ketabolism, and the parasympathetic 
with anabolism ” The author speaks of “the clinical phenomenon of growth,” 
referring not to cancer, hyperplasia or wound healing, but to normal growth 
processes He says that in pernicious anemia with a red cell count of 600,000 
the general condition of the patient, provided he is resting, is quite good ” 

The up-to-date medical practitioner and the senior medical student in any 
first class school will reap meager profit in reading this volume Even simple 
and well established facts are often obscured by the author’s befuddled diction 
or attempts at philosophic abstraction For example “Breathing is the move- 
ment made by the body to maintain pulmonary ventilation As such it may 
be considered the external expression of the body for the need of oxygen 
Platitudes like the following, are not rare “A child whose diet is deficient 
cannot be expected to grow and the general ignorance in such matters is 
truly appalling” 
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As stated in the preface, the author starts for an ambitious albeit difficult 
goal, but at no point reaches the advanced posts already attained by the best 
books in normal and pathologic physiology 

Das Versagen Des Kreislauees Dynamische und Energetische Ursachen 
Von Proe Dr Hans Eppinger, Direktor der Medizmischen Universitats- 
klinik in Freiburg, I, Br Dr Franz Kisch and Dr Heinrich Schwarz 
Price, R M 16 SO Pp 238, with 56 illustrations Berlin Julius Springer, 
1927 

This monograph is an excellent attempt to analyze and explain the deficient 
physiology of patients with cardiac lesions (valvular and myocardic) in the 
light of recent physiologic researches on circulation, on blood, and on muscle 
physiology, notably those of Henderson, Hill, Meyerhof, Barcroft and others 
The monograph contains, in addition, a good deal of experimental work on 
patients by the authors themselves Most of these experiments deal with the 
oxygen required in rest and under measured work by patients with cardiac 
deficiency as compared to normal human beings The report in the majority 
of such patients is higher oxygen requirement during rest and a much higher 
oxygen requirement during work as compared to normal men The authors 
endeavor to explain this deficiency by an upset m the lactic acid metabolism 
in the body muscles due to more or less chronic asphyxia 

The monograph deals with the following main topics in the six chapters 
The velocity of the blood flow as a measure of the peripheral circulation, the 
influence of physical work on circulation and on metabolism in patients with 
cardiac disease, the influence of physical work on lactic acid metabolism in 
cardiac deficiency patients , the significance of buffer processes for the circula- 
tion, experimental carbon dioxide poisoning, and, lastly, the theory of cardiac 
deficiency The authors reach the conclusion that patients with cardiac defi- 
ciency produced more lactic acid than normal persons, and that there is 
developed in the former a deficiency in reconversion of lactic acid back to 
glycogen In consequence of this there is an upset of blood neutrality in the 
direction of acidosis which in turn gradually causes impairment of the cardiac 
motor tissue 

The monograph reveals much thought and much able and conscientious 
experimentation The conclusions are generally tentative and conservative 
Only two criticisms may be directed against the volume, namely, many of the 
patients with cardiac deficiency recorded m the monograph probably had other 
pathologic processes besides the cardiac condition, so that before final conclu- 
sions can be reached similar experiments must be done on animals where 
one can be sure that the initial lesion at least is only that of the heart There 
is also some carelessness in presentating the graphic data on many of the 
charts Thus, for example, the date and the name of the patient is given 
without naming the particular disease This is confusing as the reader must 
refer to various pages of the book to find the particular ailment from which 
the patient suffered The authors also did not seem to be familiar with the 
fact that thyrotoxic patients require a high ox}’^gen intake'' on doing physical 
work as compared to normal man This fact was definitely established a 
number of years ago But, as a whole the monograph is a distinct contribution 
to an interesting and difficult field of internal medicine 

Scientific Reports or the Government Institute eor Infectious Diseases, 
vol S The Imperial Universitj Tokio Shirokane-Daimachi, Shibaku, 1926 

The director of the Institute, Nagayo, although this volume contains none 
of his own contributions, has good reason to be proud of the work of his 
associates The 650 pages are replete with interesting reports of experimental 
work which comes up to a high standard 

The section on biology contains a series of studies by Miyagawa (the 
editor of the volume and his assistants) on the effect of injections of autolysates 
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of various organs Injections of such materials invariably cause profound 
degenerative changes in the corresponding organ An adequate explanation 
IS not vouchsafed for this unusual phenomenon 

The most striking feature of the volume, however, is the article by W 
Nakahara on the filtrable virus of the Rous chiken sarcoma By a well 
planned series of investigations, he has shown beyond a doubt that the so-called 
“causative agent” actually does contain live sarcoma cells By staining methods 
he first showed that this “causative agent” still contained apparently viable 
sarcoma cells after drying glycerination and passage through the Berkefeld 
filter This fact is proved beyond a doubt by methods of tissue culture, so 
that the question can be considered as positively settled 

Modern Practice of Pediatrics By William Palmer Lucas Price, $8 SO 
Pp 962 New York The Macmillan Company, 1927 

In this small volume of about 900 pages Dr Lucas, with characteristic, 
unconventional scholarliness and scientific vigor, has brought the subject of 
pediatrics up to the immediate present So true is this that even the well 
informed pediatrician, as well as the general practitioner and the advanced 
student, will find in it a constant source of reference for nearly all that is 
new in pediatrics Especially valuable are the introductory chapters with 
their modern prophylactic note and the chapters on the blood and the diseases 
of the blood, on which the author speaks with well recognized authority 
What the book lacks from the fact that no one man can any longer speak 
with final authority on all subjects pertaining to pediatrics is largely com- 
pensated by the vigorous and unconventional individuality of the author’s 
presentation In spite of the smallness of the book which carries with it the 
inevitable result that some subjects are treated too briefly to be of optimum 
service to the practitioner and the student, it can be warmly commended as a 
most valuable exposition of the modern Practice of Pediatrics 

The Medical Department of the United States Army in the World War 
Volume II Administration American Expeditionary Force Price, $3 40 
Pp 1123 Washington, D C Government Printing Office, 1927 

This volume, like its predecessors, is prepared with the greatest attention 
to detail It IS well indexed so that anj' particular topic can be easily found 
The first twenty chapters are devoted to the organization of the various 
subdepartments in the Surgeon General’s Office, the next few chapters to 
various types of hospitals and the two chapters following on evacuation of 
patients to the United States The final section is on medical departmental 
activities of the American Forces in France 

The volume is profusely illustrated with carefully prepared charts, maps 
and other figures 
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THE SPECIFIC TREATMENT OF LOBAR 
PNEUMONIA " 

RUSSELL L CECIL, MD 

NEW YORK 

Lobar pneumonia now ranks with tuberculosis in i espect to moi tality 
rate In the registration area of the United States, the annual toll of 
deaths for each of these infectious diseases is approximately 100,000 
While in both instances this figure is considerably lowei than it was 
twenty } ears ago, it is still high enough to make them by far the most 
deadl} of the infectious diseases It is interesting that both of these 
diseases should be largely pulmonary This fact suggests that there 
ma} be something in the anatomic structure of the lung which renders 
pulmonai) infection difficult to control Pneumonia is an acute disease 
and tuberculosis a chionic one, but in neither case has specific theiapy 
met with much success 

Attempts to work out a successful serum treatment in pneumonia 
date from the discovery that lobar pneumonia was a pneumococcal infec- 
tion, but not until recently have any encouraging results been obtained 
Undoubtedly, the development of a satisfactory specific therapy m pneu- 
monia has been greatly retarded by insufficient knowledge of the biologic 
characteristics of the pneumococcus It was only seventeen }ears ago 
that Neuf eld and Handel ^ discovered that thei e was a definite diff ei ence 
between various pneumococci in their reactions to immune serum, in 
other woids, that pneumococci could be grouped into various serologic 
types The serum produced with organisms of one type did not piotect 
against infection with other strains In \iew of this specificity of types 
these authois emphasized the impoitance of determining the type of 
pneumococcus in any individual case so that a corresponding immune 
serum might be used They pioduced a potent antipneumococcus serum 
by immunizing horses with virulent pneumococci, and used it in the 
treatment of pneumonic patients by intravenous injections Their results 
were encoui aging They called attention to the fact, since corroborated 
by others that moderate amounts of serum had no beneficial effect and, 
for that reason that large doses were indicated 

* The tv elfth fMellon Lecture read before the Society of Biological Research 
of the University of Pittsburgh, Ma> 12, 1927 

1 Xeufeld and Handel Arb a d k Gsndhtsamte 34 293, 1910 


296 ARCHIVES OF INTERNAL MEDICINE 

The immunology of the pneumococcus was further cleared up by the 
work of Dochez and Gillespie,^ and Dochez and Avery ^ in their studies 
on types of pneumococcus These investigators studied the various 
types of pneumococcus in the United States, and found that there were 
three dominant biologic groups, each possessing specific and characteristic 
immune reactions In their experience, these three types comprised 
about 80 per cent of all strains of pneumococcus encountered in patients 
with lobar pneumonia, and represented apparently fixed types of a highly 
parasitic nature These three types were referred to as types I, II 
and III The remaining 20 per cent of their patients had pneumococci 
which were, for the most part, unrelated biologically, and which, for 
convenience, they classified collectively as pneumococcus t} pe IV This 
is really an assembly of all other types of pneumococcus, many of them 
just as distinct as types I, II and III At first, it was thought that each 
individual strain of pneumococcus type IV was immunologically distinct, 
but Olmstead ^ has shown that certain strains have many common char- 
acteristics, thus proving that theie are definite subgroups in the type IV 
group of pneumococci The tjpe IV gioup is sometimes referred to as 
the “waste basket group” because it contains all pneumococci not con- 
tained in tlie three fixed t) pes Pneumococci of the type IV group are 
the organisms most frequentl}- encountered m the secretions from the 
mouth of health}’- persons Dochez and his co-workers determined the 
incidence and death rate for the four so-called types of pneumococcus, 
and the more recent studies of Aveiy,^ Stillman,® and others have 
thrown considerable light on the epidemiology of the disease with respect 
to the various types 

The discovery of the biologic t}pes of pneumococcus made it clear 
vhy previous efforts to produce an effective serum against pneumonia 
had been unsuccessful At the same time, these discoveries made it 
evident that the problem of producing a specific cure for pneumonia was 
destined to be much more difficult than it had been, for example, in the 
case of diphtheria and tetanus, in which the organism produced a highly 
specific toxin readily neutralized by antitoxin It was now necessary to 
look on pneumonia as a group of biologically different infections, each 
of which required its own specific serum However, the promising results 
obtained by Neufeld and Handel encouraged Cole and his associates at 
the Rockefeller Hospital to take up an extensive therapeutic investigation 
of the whole subject A specific serum was produced in horses for both 

2 Dochez, A R, and Gillespie, L J A Biologic Classification of Pneu- 
mococci by Means of Immunity Reactions, J A M A 61 727 (Sept 6) 1913 

3 Dodiez, A R, and Aver>, O T J Exper Med 21 114, 1915 

4 Olmstead, M J Immunol 2 425, 1917 

5 Dochez, A R, and Avery, O T J Exper Med 22 105, 1915 

6 Stillman, EG J Exper Med 24 651, 1916 
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type I and type II pneumococcus, and patients with pneumonia of these 
types weie treated with the homologous serum The studies of Cole 
and his co-workers ^ maik the beginning of the modern specific therapy 
of pneumonia Since the work of Cole, other investigators have taken 
up the problem, and much additional light has been tin own on the whole 
subject I shall leview biiefly the woik of these various investigators 
Before taking up specific therap}’’ proper, however, it might be well to 
recall a few facts pertaining to immunit}'- to the pneumococcus, for it is 
only by an understanding of this question that one can appreciate the 
goal toward which immunologists are now working in the study of 
pneumonia 

IMMUNITY TO THE PNEUMOCOCCUS 

It IS not unusual for one person to have lepeated attacks of pneu- 
monia For this leason, the idea has become prevalent that pneumo- 
coccic infection does not confer immunity This, however, is not the 
case Recurrent attacks of pneumonia m the same person are nearly 
always due to different stiains of the pneumococcus, each producing, of 
course, its own specific immunity, but not conferring immunity against 
the other strains Cecil and Blake ® found that monkeys recently con- 
valescent fiom an attack of pneumococcus type I pneumonia could not 
be reinfected with pneumococcus type I They could be infected, how- 
ever, with pneumococcus types II, III or IV This specific immunity was 
also demonstrable after pneumonia caused by the other types Dochez, 
Blake and, more lecently, Baldwin and Rhoades, have pointed out that 
patients recovering from lobar pneumonia develop immune bodies against 
the pneumococcus at about the time of the crisis The inference is that 
these antibodies play a significant part in immunity to the pneumococcus 

It IS a comparatively easy matter to immunize animals against the 
pneumococcus This immunity can be confeired by either active or 
passive immunization As far back as 1910, Neufeld and Handel ® 
showed that animals vaccinated with killed or living cultures of pneu- 
mococcus, developed an immunity against the organism This fact has 
been amply verified by other investigators, more recently by Cecil and 
Steffen who found that monkeys vaccinated against the pneumococcus 
were immune to pneumonia caused by a pneumococcus of the same type 

Chart 1 shows the variations m temperature and the number of white 
blood cells in type I by three subcutaneous injections of pneumococcus 
type I vaccine Monkeys 13, 14 and 15 leceived the vaccine, monkey 21 

7 Cole, R Treatment of Pneumonia by Means of Specific Serums, J A 
M A 61 663 (Aug 30) 1913 

8 Cecil, R L, and Blake, J A J Exper Med 31 685, 1920 

9 Neufeld and Handel Arb a d k Gsndlitsamte 34*293, 1910 

10 Cecil, R L, and Steffen, G I J Exper Med 34*245, 1921, 38 149, 
1923 
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was an nnvaccinated control Three weeks after the completion of vac- 
cination, an attempt was made to infect these monkeys by injecting them 
intratracheally with a living virulent culture of pneumococcus type I The 
three vaccinated monkeys lemained well, the control developed pneu- 
mococcus type I pneumonia associated with pneumococcus type I 
septicemia 

In 1917, Cecil and Austin “ vaccinated 12,519 recruits against pneu- 
monia at Camp Upton, using a mixed vaccine composed of equal parts 
of pneumococcus types I, II and II These men were under observation 


Monkey 13 Monkey 14 Monkey 15 Monkey 21 
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Chart 1 — Active immunization of monkeys against pneumococcus type I 
pneumonia following vaccination with pneumococcus type I vaccine 


foi neaily three months subsequent to vaccination During that time, 
only one case of pneumonia of the fixed type occuried among the vac- 
cinated troops, and this patient had received only one inoculation of 
vaccine Among the 19,481 unvaccinated tioops, theie were twenty-six 
cases of pneumonia of the fixed type during the same peiiod of time 
Furtheinioie, there was considerably less type IV pneumonia among the 
vaccinated tioops than among the unvaccmated 

Active immunization, theiefoie, against the pneumococcus is feasible 
It IS also possible to confer a passive immunity on animals against 


11 Cecil, R L, and Austin, J H J Exper Med 28 19, 1918 
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pneumococcus infection, and this, of couise, has consideiable significance 
fiom the standpoint of seium theiapy If the seium from an animal 
immunized against pneumococcus type I is injected into a mouse, the 
mouse IS immediately piotected against pneumococcus type I infection 
The same is true of monkeys In chart 2 aie shown the variations m 
tempeiatuie and the numbei of white blood cells of three monkeys that 
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Chart 2 — Passive immunization of monkeys against pneumococcus type I with 
type I serum 


weie passively immunized against pneumococcus type I Monkeys 300, 
301 and 302 each leceived two intravenous injections of type I anti- 
pneumococcus serum Twenty-four houis latei, an attempt was made to 
infect these monkeys by intratiacheal injection of a living viiulent culture 
of pneumococcus type I All tin ee monke} s i emained well The conti ol 
monkey, number 303, had not leceived any serum and the intratracheal 
injection of a virulent cultuie of pneumococci produced a fulminating 
pneumonia, septicemia and death 


Pneumococci in Icc of blood 
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Immunit}^ to tlie pneumococcus is probably dependent on a numbei 
of factors The humoral factors that are known are agglutinins, pre- 
cipitins, opsonins and tlie so-called protective bodies The protective 
bodies receive their name from the fact that when mice are injected with 
virulent cultures of pneumococci, they aie protected from death by tlie 
simultaneous injection of a certain amount of antipneumococcus serum 
None of these immune bodies has been isolated in a chemically pure 
form, but they can all be lemoved from serum b}'' various chemical 
piocedures \vhich wall be discussed later 

The protective bodies, like the other immune bodies, are highli 
specific for tj-pe, and are usually demonstrable m the serum of patients 
recoveiing from pneumonia at about the time of the crisis Sometimes, 



however, they are present sei eral da) s before the crisis Chart 3 
sho\vs the development in a patient with t)pe I pneumonia of a protects e 
substance in the circulating blood after the crisis The patient had his 
crisis on the morning of tlie eighth day Up to tins time, no protective 
substance had been present in the circulating blood On the tenth dav, 
the blood was again tested on mice, and enough protective substance was 
present to protect mice against 10 000 fatal doses of a culture of pneu- 
mococcus type I 

In addition to the humoral factors in immunity to the pneumococcus, 
there are important cellular factors The leukoc)1;es notably the poly- 
morphonuclear type, play an important role in pneumococcus immunity, 
and there is considerable evidence to show that the epithelial cells lining 
the terminal ah eoh in the lung are ^ itally concerned 
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One of the most inteiesting of recent developments in the field of 
immunity to the pneumococcus has to do with the so-called soluble sub- 
stance Physicians are chiefly indebted for their knowledge of this 
interesting product to Avery and his co-workei s The soluble substance, 
or S substance as it is frequently called, is a polysaccharid which is 
always present in solution in broth filtiates of virulent cultures of pneu- 
mococcus It can also be demonstiated m empyema fluids of pneumococ- 
cal origin and in the blood of patients with pneumococcus septicemia It 
IS usually piesent in the urine of patients with severe pneumonia The 
soluble substance, like the piotective substance, is iigidly specific for 
each type of pneumococcus It is nontoxic and nonantigenic, but it has 
the important faculty of neutralizing the immune bodies produced by 
the patient The soluble substance oiiginates m the capsule of the pneu- 
mococcus and appears to enhance the virulence of the organism chiefly 
by preventing its phagocytosis by the leukocytes 

There has been considerable discussion lecently as to whether the 
pneumococcus is capable of pioducing a toxin Certainly, the pneu- 
mococcus has not been shown to pioduce a soluble toxin in the commonly 
acknowledged sense Cole showed that when solutions of pneumococci, 
obtained by dissolving them m bile salts, weie injected intravenously 
into gumea-pigs, they produced sudden death similar to that seen in 
acute anaphylaxis Cole admitted, however, that theie was considerable 
doubt whethei the substance pioducing this effect was identical with oi 
1 elated to the substance giving rise to the lesions and symptoms asso- 
ciated with pneumococcus infection Solutions containing dissolved 
pneumococci have been found to be hemolytic, and there is evidence 
that this hemolytic substance exists pie-foimed in the bacteiial cells 
Recentl)’-, Clowes, Jamieson and Olson claimed to have demon- 
stiated a toxic substance m the filtrates of cultures of pneumococcus 
This toxin does not often kill laboiatoiy animals, but when injected 
subcutaneously or intravenously, it is capable of producing hemoiiliagic 
lesions in the lungs Olson claimed that the serum of animals, 
immunized against this so-called toxin, contains an antitoxin which when 
mixed vitli toxin will prevent the development of the hemorrhagic 
lesions in the lungs This toxin also gives a positive reaction to skin 
test m rabbits, which can be neutialized by the antitoxin These investi- 
gators said that the pneumonococcus toxin and antitoxin which they pre- 
pared apparently are not specific for type On the basis of this work, 
Clowes, Jamieson and Olson have prepared "antitoxin” for therapeutic 
purposes, but, so far, this product has not received any extensive 

12 Cole, R J Exper Med 20 346, 1914 

13 Clowes, G H A , Jamieson, W A , and Olson, J G Proc Soc Exper 
Biol & ^led 23 334, 1925-1926 

14 Olson, J G Proc Soc Exper Biol & Med 23*331, 1925-1926 
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clinical test M} co-workers and I haie treated a few patients at 
Bellevue Hospital with tins antitoxin but the results haie not been 
impressive 

CAUSE OF DEATH IX PNEUMONIA 

Before proceeding to an actual discussion of the speafic treatment 
of patients with pneumonia I shall discuss briefly the cause of deatli 
in this disease In city hospitals, about 30 per cent of all patients vith 
lobar pneumonia die There are slight variations in this figure for 
different hospitals and different localities, but any large group of care- 
full} selected cases of lobar pneumonia \m 11 show a death rate close to 
this figure It is easy to understand wh}' a considerable number of 
these patients die , they are old or they are suffering from some chronic 
systemic disease -nhich has already undermined their resistance to 
infection But the question which interests one particular!} is ^Vh^ 
IS pneumococcus infection fatal in a certain percentage of healthy }oung 
adults ^ 


T-\ble 1 — Death Rate in Pneumonia for the Various Types 



Cases 

Died 

Per Cent 

Tvpe I 

832 

73 

207 

Trpe II 

221 

93 

-12 0 

Tvpe HI 

161 

07 

416 

Tvpe IV 

373 

109 

29.2 

Total 

1 107 

312 

DOS 


The death rate of pneumonia raries considerably \Mtli the t}pe In 
2 000 cases of t}ped pneumococcus pneumonia recently anal} zed b} 
Cecil, Bald^^ in and Larsen the death rate for patients that recen ed 
no specific therapy is shown m table 1 

It Mill be seen from these figures that vhile t}pes II and III pneu- 
monia are the seA erest forms, types I and IV actually kill more patients 
because they are so much commoner than the other two types T}pe I 
pneumonia has the lovest death rate of all the four Upes presumabh 
because it is essentially the pneumonia of young people 

For mam }ears ph}sicians hare assumed tliat patients Mith pneu- 
monia die of heart failure but if this is true it is not heart failure in 
the ordinary sense There is considerable evidence to shov that in inan\ 
instances the patient vith pneumonia dies of Aasomotor parahsis In 
fatal cases the blood pressure is usual!} extreme!} Iom for seieral 

15 Cecil, R L Baldwin, H S and Larsen X P Lobar Pneumonia 
Clinical and Bacteriologic Stud} of Two Thousand T\p6d Cases, Arch Int Med 
40 253 (Sept ) 1927 
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hours or even days before death occurs But one may go back a step 
further and ask the reason foi the heart failure or the vasomotor 
paralysis 

There is one fact the significance of which all students of pneumonia 
are agreed on, namely, that fatal pneumonia is usually a septic pneu- 
monia Patients dying with pneumococcus pneumonia nearly always 
show a considerable number of pneumococci m the circulating blood In 
this respect, pneumonia is like most other pyogenic infections Starting 
out as a local process in the lung it soon produces symptoms of toxemia, 
but the life of the patient is rarely in danger as long as the blood stream 
remains sterile With the development of septicemia, the situation 
becomes much more serious In Cole’s studies, 343 cases of lobar 
pneumonia m which blood cultures were negative showed a death rate 
of only 116 per cent , while in 1 19 cases in which the blood cultures 
were positive, the death rate was 67 1 per cent Moreover, the death 

Table 2 — Blood Cultures m Case of Lobai Pneumonia of Vauous Types 


Type of 

Oases 

Pneumococcus 

Studied 

I 

39 

ir 

22 

nr 

11 

rv 

35 

Total 

107 


Cases Showing Positive Cases Showing Stenle 
Blood Cultures Blood Cultures 

JL JL ■ _ 


Cases 

Deaths 

Oases 

Deaths 

11 

6 

28 

3 

11 

13 

8 

1 

4 

3 

7 

1 

8 

7 

27 

2 

37 

29 

70 

7 


78 3% 


10% 


rate was directly proportional to the number of pneumococci present iii 
the blood In patients who showed over twenty colonies per cubic 
centimeter of blood, the death rate vaiied from 80 to 100 per cent 
Similar observations were obtained m our studies of pneumococcus 
septicemia at Bellevue Hospital In 107 cases of lobar pneumonia of 
various t}pes, frequent blood cultures were taken throughout the 
course of the disease 

In table 2 the relation of bacteremia to the death rate is clearly shown 
In seventy cases with sterile blood culture, the death late was only 10 
per cent, whereas, in thirty-seven cases with positive blood cultures the 
death rate was 78 3 per cent Therefore, while one is hardly m a 
position to say that death in pneumonia is actually due to pneumococcus 
septicemia, one can at least sa}* that death in pneumonia is associated 
m a high percentage of cases with pneumococcus septicemia and that 
pneumococcus septicemia is usually followed by death In studying 
experimental pneumococcus pneumonia in several hundred monke}s, I 
have seen a great many of these animals die of the disease, but not a 
single case that I can recall m which death was not accompanied b}^ a 
laige number of pneumococci m the blood 
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SIGNIFICANCE OF IMMUNE BODIES IN PNEUMOCOCCUS 

PNEUMONIA 

I have already referred to the fact that recovery in pneumonia is 
accompanied by the development of various immune bodies in the blood 
of the patient Agglutinins, precipitms, complement-fixing bodies and 
protective bodies make their appearance at about the time of the crisis 
and persist in the blood of the convalescent patient for several weeks 
or even months after recovery So regularly does this occur that phj'Si- 
Clans have learned to be fearful about the outcome of the disease in 
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Chart 4 — Variation in temperature of a patient with pneumococcus type II 
pneumonia Immune bodies were in the blood on the first day of the disease 


any patient if the blood shows a complete absence of immune bodies, 
even when the temperture, pulse and respiration have returned to 
normal Sometimes, the immune bodies appear in the blood two or 
three days before the crisis, this, of course, is a good omen In one 
case of type II pneumonia which my co-woikers and I studied in a bo} , 
aged 15, a large amount of protective substance was found in the cir- 
culating blood on the first day of his disease The infection ran a 
short course (chart 4) , the temperature becoming normal on the fifth da} 
But there were two other significant factois in this case The patient gave 
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little evidence of toxemia He wanted to sit up in bed and read even 
when the temperature was 105 F, and theie was never any delirium 
The second significant factor was that pneumococci did not appear 
in the blood at any time The latter point is particularly significant In 
a senes of twenty-five cases of pneumonia studied in our laboratory, in 
which blood was taken every day or two to determine the presence oi 
absence of pneumococci and of protective bodies, bacteria and specific 
antibodies occurred simultaneously in the blood only once, and in that 
instance the blood showed only three or four pneumococci per cubic 
centimeter of blood From this it may be inferred that one of the 
most important functions of immune bodies is to pi event the entiance 
of pneumococci into the general circulation On the other hand, patients 



I 
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Chart 5 — ^Variations m temperature of a patient with pneumococcus type I 
pneumonia with positive blood culture Emp}'ema de\ eloped m spite of immune 
boaies in patient’s blood 

who die of pneumonia raiely show immune bodies in the circulating 
blood, but, as I have already shown, they usually do show a severe 
grade of pneumococcic sepsis In some of these fatal cases, the blood 
contains so many pneumococci during the last houis of life that it is 
almost impossible to count the colonies on a plate In the blood and 
mine of these septic patients a large amount of the soluble substance of 
Avery can be demonstrated As this substance has the faculty of 
neutralizing the immune bodies one ma}'’ infer that whatever immune 
substance has been manufactured by the patients has been completely 
neutralized by the soluble substance pioduced by the pneumococci in the 
circulating blood While the protective antibodies appear to shield the 
patient against pneumococcus sepsis the} do not necessarilv prevent 
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certain other pneumococcus complications For example, chart 5 sho^^s 
the temperature cuive of a patient with pneumococcus t)pe I pneumonia 
in which the crisis was accompanied by the development of protective 
antibodies in the patient’s blood A few days later, tins patient 
developed empyema Examination of the blood showed that the patient’s 
serum still contained a considerable amount of immune bodies in spite 
of the empyema The significant point is that the blood remained sterile 
and the patient eventually recovered 

What IS the exact function of the piotective antibodies? The studies 
of Blake,^® and the more recent work of Robeitson and Sia show that 
the pneumococcus immune bodies are necessary for the phagoc} tosis of 
viiulent pneumococci, in this respect resembling Wright’s opsonins 
Indeed the piotective antibody and opsonin may be identical substances 
Virulent pneumococci will grow even in the most highl} potent anti- 
pneumococcus serum but under such conditions the pneumococcus 
rapidly loses its virulence Years ago, Neufeld and Handel showed that 
the leukocytes do not take up virulent pneumococci, while avirulent strains 
undergo rapid phagocytosis, when virulent pneumococci are mixed with 
nonnal human blood and allowed to stand in the incubator for twent}- 
four hours, the pneumococcus grows freely In the blood of a patient 
convalescing from pneumonia, the pneumococcus usually fails to grow 
under the same circumstances Furthermore, if immune serum is added 
to the blood of a normal man, the pneumococcus will not grow How- 
ever, if the blood of the convalescent patient is first centrifugalized and 
the leukocyte cream remo^ed, the pneumococcus grows freely From 
this evidence, it appears almost certain that the final destruction of 
pneumococci is accomplished b}'^ the leukocytes, but that they "will not 
undertake this important function until the pneumococci have been 
prepared by the serum for phagoc 3 'tosis 

Just as the protective bodies are conducive to phagocytosis, so the 
soluble substance interfeies with phagocytosis by blocking the immune 
bodies and thereby allowing the pneumococci to maintain their full 
virulence 

In pneumococcus infection in man, the ultimate outcome depends on 
whether the pneumococci or the leukoc^’^tes gain supremacy If the host 
produces enough immune bodies, the infection remains localized in tlie 
lung, and the patient recovers On the other hand, if the pneumococci 
produce enough soluble substance to more than neutralize the immune 
bodies, phagocytosis is inhibited, the infection spreads, the pneumococd 
gain access to the blood stream and the patient eventuall} dies with 
pneumonia sepsis 

16 Blake, F G J Exper Med 26 563, 1917 

17 Robertson, O H , and Sia, RHP J Exper :\Ied 39 219 (Feb ) 
1924 40 467 (Oct 1 1924 
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THERAPEUTIC INTRODUCTION OP PROTECTIVE SUBSTANCE 

INTO THE BLOOD 

In the fight then between the pneumococcus and the human host, 
septicemia spells death and immune bodies lecovery for the patient 
Herein lies the rationale of our effoits to pioduce a specific theiapy for 
lobar pneumonia The modem seium treatment of patients with pneu- 
monia consists essentially in the artificial intioduction of pneumococcus 
immune bodies with the hope of assisting the patient in his efforts to 
pioduce immunity against the disease 

The aitificial immunity which one tries to establish in the pneumonic 
patient is probably antibacterial By the introduction of an excess of 
piotective antibodies one hopes to sensitize or opsonize the pneumococci 
and thus prepaie them foi phagocytosis by the leukocytes So far as 
IS known, there is no genuine antitoxic quality m any pneumococcus 
serum 

It should be emphasized heie that the vaiious specific theiapeutic 
agents are essentially alike m then general nature in that they all contain 
piotective antibodies and usually agglutinins and piecipitms Up to the 
pi esent time, thi ee of these specific therapeutic agents have been studied 
in oui clinic and laboratoiy at Bellevue Hospital, (1) the type I and 
type II antipneumococcus serum of Cole, (2) Huntoon’s pneumococcus 
antibody solution and (3) Felton’s concentrated antipneumococcus 
serum 

TYPE I ANTIPNEUMOCOCCUS SERUM 

It must be evident fiom what has already been said regaiding the 
specificity of pneumococcus types that the efforts of eaily investigators 
to produce efficient antipneumococcus serum were fiustiated by their 
failure to distinguish between these vaiious gioups of pneumococci 

Following the woik of Neufeld and his co-woikers, Rufus Cole took 
up the question of specific therapy at the Hospital of the Rockefeller 
Institute Woiking first with pneumococcus type I, Cole’s type I serum 
Avas prepaied as follows 

Horses were immunized by injections first of dead and then of living cultures 
of type I pneumococci The serum of the horse uas tested for its power to 
produce agglutination of pneumococci of this type, and also for its effectiveness 
in protecting mice against multiple lethal doses of the same organism Cole used 
the so-called “mouse protection test” to determine the therapeutic power of type 1 
serum The standard which he finally set for an accepted therapeutic serum was 
one in which the serum should be of such a strength that 02 cc would protect 
mice regularly against at least 0 1 cc of a pneumococcus type I culture of such 
Aurulence that 00000001 cc of an eighteen hour broth culture would kill a mouse 
within fortj -eight hours When the horse had producea a serum of such 
potencj', It was bled under aseptic conditions, and after the blood had clotted, the 
serum was removed and placed in bottles for use 
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Cole advocates the use of type I seium for only those patients 
whose sputum or blood have been found to contain pneumococcus type I 
This preliminary examination causes some loss of time , but Cole claims, 
and I think lightly, that patients with othei types of pneumonia should 
not be subjected to type I serum 

In type I cases, the seium is administeied as follows 

In order to avoid anaphylactic accidents, the patient is first questioned for 
a history of previous injections of horse serum and also for a history of hay- 
fever or asthma, as persons having such symptoms are likely to be sensitive to 
\arious proteins including those in serum In any event, an intradermal skin 
test IS performed with a small tuberculin syringe, 0 02 cc of diluted horse serum 
being injected into the skin If the reaction to the test is negative, the wheal 
produced by the injection of serum fades away rapidly If sensitiveness does 
exist, a genuine urticarial wheal begins to develop, usually within five minutes, 
which may increase slowly in size up to that of a half dollar This lesion 
usuall}'- reaches its maximum within an hour and then fades away rapidly 

Cole believes that all patients who are to receive antipneumococcus serum 
should receive a “desensitizing” dose of serum six or eight hours before the first 
intravenous injection The reason for this is that occasionally one sees a 
patient in whom the reaction to the skin test is negative and yet in whom, on 
the injection of large amounts of serum, symptoms of serum sensitiveness 
appear It is therefore advisable to inject 1 cc of antipneumococcus serum 
subcutaneously even though the reaction to the skin test is negative 

In the small percentage of patients who are found to be sensitive to horse 
serum, a more thorough method for desensitization must be employed This 
consists in giving small amounts of serum subcutaneously at half hour intervals, 
doubling the size of the dose at each injection After 25 cc of serum have 
been given by this method, larger doses, consisting of from SO to 100 cc maj 
be injected intravenously without fear of shock 

Type I serum is administered intravenously The serum is usually allowed 
to run into the vein by gravity and should be injected slowly Cole advises 
that the injection of the first 10 to 15 cc of serum should occupy from ten 
to fifteen minutes During this period, one watches carefully for any change m 
the patient’s appearance and for increased rapidity of the pulse, dyspnea, cyanosis 
or urticaria If these symptoms appear, it is well to stop the injection of serum 
for a few minutes to see if the symptoms increase in severity Usually, tliej 
disappear rapidly and the treatment can be resumed Experience has shown that 
if antipneumococcus serum is to be successful, it must be given m large doses 
It IS necessary to inject a sufficient amount of serum to produce a balance of 
protective antibodies in the patient’s blood, such as that which occurs during 
natural recovery from the disease , for, as already indicated, it is largely on this 
factor that recovery depends An effective concentration of immune bodies can 
be obtained in the blood only after all the circulating soluble substance has been 
neutralized Once a permanent balance of antibodies in the blood has been 
achieved, a fall in temperature and a noticeable improvement m the condition 
of the patient should soon follow The amount of serum necessary will vary 
in each case Cole recommends an initial dose of from 90 to 100 cc The 
frequency and size of the succeeding doses must be regulated largely by the effects 
obtained by those preceding, but in most cases the serum should be given even 
eight hours m doses of from 90 to 100 cc until the patient’s temperature drops 
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to 100 F or less and remains at that point The patient should be under 
observation day and night and the treatment should be given by night as well 
as by day whenever necessary 

REACTIONS TO SERUM 

Cole desciibes thiee types of leaction which ma}^ follow the injection 
of antipneumococcus serum (1) thetiue anaphylactic leaction, (2) the 
theimal leaction and (3) the serum disease 

In pel sons who are sensitive to hoise seium a moie or less seveie 
asthmatic attack with dyspnea and flushing of the face may develop at 
once or within fiom fifteen to twenty minutes after the mtioduction of 
seium, followed by cyanosis, sweating, cough, anxiety and an uiticanal 
rash An anaphylactic reaction, unless extiemely severe, is usually 
lelieved b}'’ a hypodeimic injection of from 0 5 cc to 1 cc of a 
1 1,000 dilution of epinephiine These reactions rarely occui, and if 
sensitive patients are properly desensitized, seiious anaphylactic reactions 
will piobably nevei occur 

Another type of reaction which may follow the intravenous injection 
of seium IS the so-called theimal or foreign protein reaction This 
comes on usuall)^ from thiity minutes to one hour after injection and is 
characterized by a chill, some cyanosis, rapid rise m tempeiature of 
from 1 to 3 degiees, which is followed by an equally rapid fall to 
normal oi even to subnormal Dm mg the fall there is usually profuse 
peispiiation Aftei the reaction, the patient usually feels much 
impioved Sometimes the temperature remains normal, but usually it 
begins to rise again after a few hours Cole does not believe that this 
leaction is of benefit to the patient and thinks it should be avoided if 
possible Patients with this type of leaction need little treatment other 
than leassuiance and the application of heat to the extremities 

Following the admimsti ation of hoise seium, a group of symptoms 
trequently occui s which aie referred to as serum sickness or seium dis- 
ease These symptoms usually make their appeal ance from seven to 
touiteen days following the administration of seium and consist of 
fever, skin lashes, most fiequently uiticaria oi erythema, edema of the 
skin, geneial adenopathy and pain and swelling in the joints The 
attack usually lasts from a few days to a week and may recur one or 
moie times at intervals of a few days Not all patients receiving serum 
show the sjmptoms Accoiding to Cole, mild symptoms of serum 
disease appear in about one-half of the tieated patients, seveie attacks, 
laiely The severe cases aie moie likely to occur in patients who receive 
laige doses of seium 

RESULTS OF SERUM TREATMENT 

The most staking effects of seium treatment in t)pe I pneumonia 
aie usually seen after a so-called thermal leaction Sometimes the 
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clinical change after one of these shock leactions is spectacular, and 
the marked amehoiation of symptoms presents the features of a natural 
crisis In cases in which a thermal reaction does not occur, a change 
111 the patient’s condition is usualty not so marked Even when chill is 
absent, the patient’s mental condition is geneially improved, cyanosis 
becomes somewhat less, and the pulse rate falls No doubt, in many 
cases this improvement is due to an actual sterilization of the blood 
Cole thinks that, in addition to its othei effects, antipneumococcus serum 
may have a detoxifying effect 

In our expel lence, the most stiikmg results m type I theiapy have 
been 

1 When serum was administered on the first or second day of the 
disease and the whole infection was aborted, the temperature diopped 
lapidly to normal In such cases, the physical signs never become frank, 
and the patient is practically well in foit 3 '^-eight to seventy-two hours 

2 Type I seiaim produces a marked improvement m septic patients 
whose blood contains 50 or 100 colonies of pneumococcus t 3 '^pe I per 
cubic centimeter by steiihzing the blood and thereby reducing the infec- 
tion to a localized process Cole believes that the administration of 
seium does not cause any change m the rate of resolution of the lung 
tissue already involved When given earl 3 ’-, however, theie is no doubt 
that the serum prevents spread of the infection to healthy tissue There 
IS no evidence that seinim diminishes the incidence of pneumococcic 
complications 

EFFECT or SERUM ON MORTALITY RATE 

111 Cole’s series of 195 patients with the pneumococcus type of 
pneumonia that weie treated with serum, theie was a moitality late of 
only 9 2 per cent In type I cases, before serum treatment was com- 
menced, the death late had been from 25 to 30 per cent According to 
these figures, theref oi e, the death rate for patients with type I pneumonia 
had been reduced two-thirds by the use of seium 

Since the original leport of Cole, the largest group of cases of 
type I pneumonia in which the patients have been treated with anti- 
pneumococcus seium is that of Wadsworth who, in 1924 leported the 
cases of 445 in New York state treated with a highly potent type I serum 
piepared by the New York State Department of Health When the 
cases studied m aimy camps were eliminated, there were 277 cases with 
fift 3 '- deaths, a death rate of 18 pei cent In 344 patients with type I 
pneumonia that had not received serum the death rate was only 19 per 
cent a figure only slightl 3 ’- highei than that for the treated patients 

18 Wadsworth, A B Am J Hyg 4 119 (March) 1924 
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Shoitl}' after Wadsworth’s aiticle was published, Locke repoited a 
detailed study of 145 cases of type I pneumonia in which the patients 
were treated with seium, with a moitality late of 17 2 per cent as coni- 
paied with a moitality of 16 9 per cent in 70 untreated patients 

After reading the excellent studies of Wadswoith and of Locke, one 
wonders why the lesults repoited in their senes of cases were so much 
less promising than those obtained by Cole Wadswoith’s patients weie 
treated with a potent seium but by many different physicians, some of 
whom probably did not administer seium m sufficiently laige doses 
Locke’s patients leceived plenty of serum, but he does not give any 
record of its potency 

THE EFFECT OF TYPE I SERUM IN EXPERIMENTAL 
TYPE I PNEUMONIA 

It is not suipiising that, m Mew of the lesults obtained by Wadswoith 
and by Locke, the popularity of type I seium has decreased consideiably 
since its original introduction by Cole, and yet the low death rate obtained 
by Cole (9 pei cent) is significant, furtheimoie, the lesults obtained in 
the tieatment of monkeys that had experimental type I pneumonia with 
type I seium aie most convincing Cecil and Blake found that type I 
antipneumococcus serum has a highly specific theiapeutic action on 
monkeys with expeiimental pneumococcus type I pneumonia 

Chait 6 shows the variations m the temperature of two monkeys with 
experimental pneumococcus type I pneumonia Twenty-foui horns after 
injection with a lethal dose of a culture of pneumococcus type I, a couise 
of small intravenous injections of type I serum was staited m monkey 94 
The first injection steiilized the blood, and the tempeiatuie was i educed 
to 102 F after five injections Treatment was then stopped, but the 
temperature lose again on the fifth day Two more injections of seium 
given at different times produced a ciisis, and the monkey lemained well 
thereaftei The control, money 93, did not leceve seium and lan a 
typical course with septicemia, djung on the twelfth day 

Chait 7 shows the effect of type I serum on monkeys with expeii- 
mental type I pneumonia when seium tieatment was staited late in the 
disease These charts are instructive in that they show that when 
tieatment with seium is staited late, the seium is still capable of steril- 
izing the blood, but that it exerts piactically no influence on the tempeia- 
tuie The lives of both treated monkeys (99 and 113) weie saved, 
while the contiol monkey (112), in this instance tieated with normal 
hoise serum, died on the sixth day of the disease with lobar pneumonia 
and pneumococcus septicemia Chait 8 is in shaip contrast to the 

19 Locke, E A Treatment of Tj’-pe I Pneumococcus Lobar Pneumonia 
with Specific Serum, J A M A 80 1507 (Alay 26) 1923 
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preceding experiment showing the striking eftect of seiuin when admin- 
istered in large doses early in the disease Both monkeys weie given 
lethal doses of pneumococcus type I culture, and both lecovered prompt!} 
after leceiving four doses of serum 

To my mind, the thiee experiments just presented prove the thera- 
peutic -value of type I seium moie convincingly than any iiumbei of 
statistics 

MoNt^LY 9 A- Monkey 33 

T/rcatco With Type. / A/TriPNEiiiTOcoccus Serum Control 



Chart 6 — Treatment of monkey with pneumococcus type I pneumonia with 
type I antipneumococcus serum 


Why has type I serum not come into more general use in the treatment 
of patients with type I pneumonia^ Perhaps the most important obstacle 
to its use has been the difficulty in getting an early bacteriologic diagnosis 
In many cases sputum is not obtainable until several days after the onset 
of the disease, and then too often at least twenty-foui hours elapses 
before the laboratory makes its report This means that tieatinent with 
serum is begun late in the disease when its therapeutic effect is not as 
striking as when it is administered eaily Another objection to the gen- 
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eral use of type I serum is the fear of reactions, eithei anaphylactic oi 
thermal Anothei reason foi its lack of populaiit} is the technical 
difficulty connected with the propei administration of laige doses of 
seium Cole adiises that the seium be diluted with an equal amount of 
saline solution, and this means that thiee times in eieiy twent}-foin 
hours the busy practitionei must inject 200 cc of diluted serum intia- 
venously Finally, a most important obstacle to its further use is the fact 
that many observers have not been able to duplicate the low moitahty 
figures obtained at the Rockefeller Hospital The leasons for this failuie 
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Chart 7 — Pneumococcus tjpe I pneumonia m monkeys Two monkejs (99 
and 113) were treated with type I serum and recovered The control, monkev 
112, recened normal horse serum and died 


may be several (1) patients are not tieated early enough, (2) the seium 
may not be sufficiently potent, (3) the serum is given in too small doses, 
or (4) the serum is not guen frequently enough 

Before passing on to a discussion of derivations of serum something 
should be said about tj'^pe II antipneumococcus serum Theoretical!} , 
type II serum should be just as effective as that for type I, but m addi- 
tion to the practical defects encountered m the use of type I serum, other 
problems are encountered m pneumococcus type II pneumonia In the 
first place, it is almost impossible to develop a serum equal m potenc} 
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to that of a good type I serum , m the second place, pneumococcus type II 
when growing in the body of an animal or man pioduces much moie 
specific soluble substance than pneumococcus type I In view of the 
ability of this substance to neutralize homologous serum, it is obvious 
that type II infections will require a great maity more antibodies than 
type I infections 

MoNEEy ■^5' Monkey 79 



Chart 8 — Abortive tt pe I pneumonia in monkeys produced by intensive treat- 
ment with type I serum 


Cole and his co-woikeis at the Rockefeller Hospital tiied type II 
antipneumococcus seium on patients with type II pneumonia and weie 
unable to demontrate an) therapeutic eftect on the course of the disease 
Dining the winter of 1926, however. Dr William H Park of the 
New York City Board of Health immunized a horse against pneumo- 
coccus type II and obtained a sei um of such potency that 0 2 cc would 
protect a mouse against 0 2 cc of pneumococcus type II culture in othei 
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words, the potency of this seium was equivalent to that of the best type I 
antipneumococcus serum 

Last wintei m} co-workers and I had an oppoitumty to test this seium 
on a number of patients with type II pneumonia at Bellevue Hospital 
Chart 9 shows the vaiiations m temperatuie of a patient with t>pe II 
pneumonia treated on the thud day of the disease with type II antipneu- 
mococcus serum This patient had a steiile blood cultuie One injection 
of serum, however, was sufficient to establish a ieser\e of immune bodies 
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Chart 9 — Variations in temperature of a patient with pneumococcus type H 
pneumonia treated with ti^pe II antipneumococcus serum 


in the patient's blood The patient received four other injections on the 
same day and two injections on the following day The temperature 
came down at the beginning of the fifth day 

Chart 10 shows the vaiiations in tempeiature in an interesting case 
of type II infection which was chaiacterized b} heavy septicemia on the 
second day Two injections of serum brought about a complete steriliza- 
tion of the blood, and aftei three more injections on the following da} a 
balance of specific antibodies made their appearance m the blood and 
pioceeded until the tempeiature reached normal 
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Examples of this kind lead us to feel that in a ceitain number of 
patients with type II pneumonia in which treatment is begun eaily, the 
t3'pe II serum exercised a definite therapeutic effect Unfortunately, the 
numbei of patients treated w^as not sufficiently large to furnish reliable 
statistical evidence 

In view^ of these obvious difficulties in the general use of antipneumo- 
coccus serum, it was natural that immunologists should make efforts to 
concentrate and purify type I serum Gay and Chickenng w^ere the 
first to show^ that the immune bodies in pneumococcus serum could be 
removed by chemical methods By mixing a solution of pneumococcus 



Chart 10 — ^Variations in temperature of a patient with pneumococcus type 11 
pneumonia treated with type II antipneumococcus serum Heavy septicemia 
apparently controlled by' serum 

bodies and homologous antiserum, a \ oluminous precipitate resulted 
which contained practically all the immune substances of the serum The 
immune bodies contained in this precipitate were then extracted in a 
diluted alkaline solution at 42 C The resulting water-clear extract 
possessed the power to protect animals against pneumococcus infection, 
and it also contained other demonstrable antibodies, such as agglutinins 
and precipitins By this method, a large proportion of the antibodies 
could be concentrated in a volume from one-fifth to one-tenth that of 


20 Chickenng, H T , and Gay, F P J Exper Med 21 389, 1915 
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the onginal seinm, but the pioduct thus obtained was not stable, and the 
technic invoHed was so laboiious that the authois consideied the method 
impracticable £oi theiapeutic purposes 

iiuntoon's pneumococcus antibody solution 

In 1921, Huntoon published a senes of ai tides which had to do 
wnth the lemoval of pneumococcus antibodies fiom antipneumococcus 
seium The method used b}^ ITuntoon was somewhat like that employed 
by Gay and Chickeiing, but in one lespect fundamentally difieient The 
precipitate obtained by Gay and Chickering was deiived m great pait 
fiom the seium pioteins , hence, their solutions contained seium and ga^e 
seium leactions Huntoon used only foimed antigens wdnch could be 
washed fiee from seium This method eliminated to all practical pui- 
poses all the serum constituents with the exception of the immune bodies 
themselves Huntoon also introduced anothei innovation into the specific 
tieatment of patients wnth pneumonia His horses weie inoculated 
against pneumococcus types II and III, as well as against type I The 
seium was, therefoie, tiivalent, containing immune bodies against the 
thiee fixed types of pneumococcus 

The actual method of piepaiation of Huntoon’s antibody solution is 
as follows 

Pneumococci of the three fixed types are exposed to the action of a large 
amount of an antipneumococci immune serum, multivalent for types I, II 
and III The sensitized organisms are removed by centrifugahzation, carrying 
the attached antibody with them The bacteria aie then washed free from 
serum by repeated changes of salt solution Finally, they are emulsified m salt 
solution containing 0 25 per cent sodium bicarbonate and are heated to 55 C for 
from thirty minutes to one hour The emulsion is again centnfugalized, and 
the supernatant removed, chilled, recentrifugalized, and finally filtered through 
a filter candle 

Huntoon’s antibody solution is a watei cleai product with a total 
nitiogen content of only 0 035 mg pei cubic centimeter It gives a 
negative biuiet leaction, howevei, although no serum piotems aie 
demonstrable by chemical means, but they aie detectable m a small 
amount by sensitization tests on guinea-pigs Huntoon’s solutions aie 
stable when preserved at low temperatuies 

Huntoon’s antibody solution usually contains a high content of pio- 
tective bodies against pneumococcus type I, 0 2 cc usually pi otecting 
against 0 1 cc of a viiulent type I culture Its piotective power against 
types II and III is not so maiked In many lots, 02 cc of antibody will 
piotect against 0 01 cc of t>pe II cultuie, but even at this figuie it is 
only one-tenth as potent for type II as foi type I Against t}pe III, the 
potency is even low^er, the best lots laiely protecting against more than 

21 Huntoon, F M , IMasucci, P , and Hannum, E J Immunol 6 185, 1921 
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0 001 cc of Mrulent type III cultuie It can readily be seen that, theo- 
retically at least, Huntoon’s solution possesses gieat advantages ovei the 
original antipneumococcus serum Practically free from animal protein. 
It eliminated at once the dangei of anaphylactic reactions and the dis- 
comforts of serum sickness Fmthermoie, it contained antibodies against 
all three of the fixed types of pneumococcus and could be employed at 
once without waiting for a bacteriologic examination of the sputum 
In the first place, it seemed desirable to test the value of Huntoon’s 
solution on expeiimental pneumonia m monkeys, just as we had previ- 
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Chart 11 — Treatment of monkeys with pneumococcus type I pneumonia with 
Huntoon’s antibody solution 


ously tested type I seium Chait 11 shows the results for three monkeys 
subjected to experimental type I pneumonia Each monkey received a 
lethal dose of type I cultuie mtiatracheally, and all promptly developed 
symptoms and signs of pneumonia and septicemia Seventy-two hotiis 
after infection monkeys 91 and 92 leceived their first injection of 
Huntoon’s antibody solution The treatments were continued twice a 
day as long as either monke}- shoyved s}mptoms It will be seen from 
the charts that in lioth instances the injections quickly drove the pneu- 
mococci from the blood and, folloyving this, effected a rapid recoy^ery m 
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Chart 12 — Treatment of monkeys with pneumococcus type IT pneumonia 
with Huntoon's antibody solution 
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Chart 13 — Pneumococcus tjpe II pneumonia in monkejs that were not gi\en 
antibody solution 
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both monke}s The contiol monkey recei\ed no antibody and died on 
the fourth day with pneumonia and pneumococcus septicemia From 
this experiment, it ^^as clear that Huntoon’s solution was just as 
efficacious in type I pneumonia as type I serum had been 

Our next experiment was concerned with the treatment of monkeys 
that had experimental t 3 pe II pneumonia with Huntoon’s solution 
(chaits 12 and 13) Eight monkeys weie subjected to experimental 

Monkey 161 Monkey 162 



Chart 14 — Treatment of monkeys with pneumococcus 


t^ pe II jineumonia bv injecting a lethal dose ot type II pneumococcus 
culture intratiacheally Twenty-foui hours after injection the monkeys 
were sick At this time, four of the monkers (chart 12) were started 
on ticatment with HuntooiTs antibody solution, each monkey receiving 
20 cc lntra^ enously four or fi^ e times a day Larger doses were used 
than in the case of t\pe I pneumonia foi the reason that the antibody 
solution had less potenc} against t} pe II than against t) pe I pneumonia 
As will be seen from the two charts, the four monkers that did not 
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leceive seiiim all died of pneumonia and septicemia fiom three to five 
days aftei the infection Two ot the monke 3 ^s that leceived serum 
lecoveied and two died In the two that recoveied, the antibody solution 
appeal ed to hai e the same eftect that it had had in the type I infections, 
namely, it lemoved the pneumococci from the blood stream, but it should 
be noted that this was not done m so stiikmg a manner as in the type I 
cases In the othei two monkeys tieated septicemia persisted in spite of 
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t\pe II pneumonia with Huntoon’s antibody solution 


treatment, and the monkeys died The four contiols (chart 13) died 
with pneumococcus type II pneumonia and septicemia 

As Huntoon’s solution contained some protective substance against 
type III pneumonia, an expeiimental test was peifoimed on monkeys 
with type III pneumonia (chart 14) Four monke}s (161, 162, 163 and 
164) weie given a lethal dose of type III cultuie intratiacheally All 
four promptly developed symptoms of pneumonia Tv o of the monkeys, 
numbeis 207 and 208 weie started on Huntoon’s solution about seventy- 
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two hours after injection From three to fire injections of from 10 to 
20 cc each w ere gn en daily thereafter In spite of this treatment both 
monker s died w ith pneumonia and septicemia one on the seventh day and 
the other on the twelfth day of their disease The control monkers 
(163 and 164) also died of pneumonia and septicemia 

Fiom these experiments on monkeys, we were justified in concluding 
that Huntoon s polyralent antibod} solution w'as of great ralue in trpe I 
pneumonia, of some value in tjpie II pneumonia and wnthout ralue in 
trpe III pneumonia As wnll be showm presentl), these results tallied 
exacth wnth the results obtained in the treatment of patients wnth these 
t\pes of pneumonia 

During the wnnters of 1920, 1921 and 1922, Huntoon’s antibodr 
solution was extensn elj tried out in the w'ards of Bellevue Hospital -- 
In six medical w'ards, ererr patient wnth lobar pneumonia who was 

T \BLF 3 — Companson of Death Rate iii Senes of Treated Patients 

and in Control Senes 


Antibodv Wards Control Wards 


'1 1 pe of Pneumococcus 

Cases 

Deaths 

Rate per Cent 

Cases 

Deaths 

Rate per Cent 

I 

15S 

21 

13 3 

102 

36 

22 2 

n 

S3 

23 

277 

67 

27 

40 3 

III 

73 

29 

397 

60 

24 

40 0 

n 

110 

IS 

16 4 

121 

29 

24 0 

iotnl pneumococcus 

121 

91 

214 

410 

116 

2S 3 

streptococcus etc 

4S 

24 

500 

35 

12 

343 

LdcI i==ified 

GO 

14 

3S8 

47 

20 

42 5 


admitted, regardless of tjpe, was treated with antibody solution, in the 
other six w^ards all cases of pneumonia were trped and the patients were 
careful!} obser\ed, but no antibody solution or other serum treatment 
was emplojed Altogether, 424 patients with pneumococcus pneumonia 
A\ ere studied m the antibody w ards and 410 in the control w^ards Prac- 
tical!} all of the patients in the antibody wards received antibod} The 
onl} exceptions w ere a few" patients w ho died or had their crisis before 
antibod} could be administered The treated patients, how^ever, ha^e 
been included in the figures presented Table 3 show"s the results 
obtained The most striking results, as in the monkeys, were obser\ed 
in the t}pe I infections In 158 cases in w"hich the patients were treated 
with antibod}, the death rate was onl} 13 3 per cent, while in 162 control 
cases there was a death rate of 22 2 per cent In t}'pe II infections the 
figures W"ere not so strilung, but there was a difference In eighty-three 
t} pe II cases, in w'hich the patients w"ere treated w ith antibody solution, 
the death rate was 27 7 per cent as compared with 40 3 p>er cent in the 

22 Cecil, R, L and Larsen, X P Clinical and Bacteriologic Study of One 
Thousand Cases of Lobar Pneumonia, JAMA 79 343 (Juh 29) 1922 
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contiol waids Patients with type III infections weie not benefited by 
antibody tieatment, the death rate for the two groups being practically 
the same (39 7 vs 40 per cent) 

One of the most inteiesting and unexpected featuies of this theia- 
peutic expel iment was the effect of Huntoon’s solution on patients with 
the so-called type IV pneumonia One hundred and ten patients with pneu- 
mococcus type IV pneumonia who wei e treated with antibody, showed a 
death rate of 164 pei cent, while 121 type IV controls had a moitahty 
of 24 pel cent The probable explanation of this diffeience will be given 
presently 

When only cases in which the patients w^eie tieated eaily weie 
counted, more sti iking figuies were obtained In table 4, the lesults 

Table 4 — Death Rates foi Patients with Pneumococcus Pneumonia Receiving 
Antibody Solution Inti avenously Within Foi ty-Eight Homs of Onset of 
the Disease Conti ol Shows Death Rate foi Patients with Pneumococ- 
cus Pneumonia Admitted to Contiol Waids Within Foity- 
Eight Hours of Onset of the Disease 


Cases Treated with Antibody Control Oases 

* > , '■ 1 

Type of Death Bate, Death Rate 


Pneumococcus 

Cases 

Deaths 

per Cent 

Cases 

Deaths 

per Cent 

I 

56 

s 

89 

68 

16 

23 5 

II 

U 

5 

208 

25 

8 

32 0 

III 

10 

1 

10 0 

19 

7 

368 

IV 

24 

4 

16 6 

45 

11 

24 4 

Total 

114 

15 

131 

157 

42 

26 7 


for patients that were treated with antibody solution within foity-eight 
hours of the onset are compared with those foi the controls who weie 
admitted to the hospital within forty-eight hours of the onset of the 
disease In fifty-six patients with cases of early type I pneumonia who 
were treated with antibody, the death rate was only 8 9 per cent , sixty- 
eight controls admitted early had a mortality of 23 5 per cent The death 
rate for twenty-four patients with type II pneumonia who weie treated 
early was only 20 8 per cent as compared with 32 per cent m the contiols 
Even in the type III group the treatment appeared to have some effect, 
but the number of cases was too small to furnish leliable information 
The intravenous injection of Huntoon’s antibody solution as onginally 
prepared was practically always followed by a sliaip thermal leaction 
from twenty to forty minutes after the injection The patient began to 
sliivei and soon had a severe chill There was consideiable cyanosis 
and dyspnea, and the patient often manifested extieme anxiety The 
chill lasted from fifteen to thirty minutes At its conclusion, the tem- 
perature showed a rise of 2 or 3 degiees, m rare instances even more 
The high temperatuie usually persisted foi only a short time (from 
thirty to sixty minutes) After that, there was a rapid fall, accompanied 
by profuse peispiration These foreign piotein reactions usually foi- 
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lo%\ed each injection of antibod}’-, but the} tended to become less se\ere 
\nth each parox}sm In three cases, the reaction following the injection 
of antibody appeared to be the immediate cause of death In these three 
patients, the sjmptoms were severe chill, follo\\ed by high fe^er, 
dehrium , c} anosis , d} spnea , rapid, w eak pulse , diaphoresis , congestion 
of the limgs, coma and death 

As one re^nevs this experiment in the light of further knowledge 
which has been gleaned during the fi\e }ears since the experiment was 
carried out it is obnous that Ave were obtaining something more than a 
purel} specific effect This is show n in the t} pe IV group in -vvhich the 
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Chart 15 — Variations in temperature of a patient with pneumococcus tjpe I 
pneumonia treated with Huntoon’s antibodj solution 

death rate w as reduced to 16 4 per cent in treated patients as compared 
w^th 2-t per cent in the untreated group Undoubtedly, the specific anti- 
bodies contained in Huntoon’s solution pla}ed an important part in the 
reduction of the death rate in tjpes I and II pneumonia as the sudden 
and spectacular termination of symptoms after some of the thermal reac- 
tions which followed imections of antibody clearly indicates that the 
shock reaction itself was a therapeutic agent of considerable Aalue in the 
treatment of these patients, in other w'ords, the thermal reaction was a 
t\\o-edged sword It produced a brilliant therapeutic effect in some 
instances and w as undoubted!} beneficial to the patient in most cases but 
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the occasional fatalities ^^hlcil occurred after this mode of tieatment 
rendered it too dangerous a u eapon to be used If there had been some 
method of controlling the seium, rve could ha^e continued to make use 
of its beneficent qualities, but there was no ^^a} of telling whether a 
patient would react with a mild or a severe chill Chart 15 shows the 
variations in temperature of a patient wnth t} pe I pneumonia and show s 
well the characteristic theimal reactions Treatment was started on the 
second day of the disease Thiee mtraienous injections weie given 
and each was followed by a thermal leaction Following the third reac- 
tion the patient s temperature leturned to noimal and remained there 



Chart 16 — ^^ariations m temperature of a patient iiith pneumococcus tjpe II 
pneumonia treated w ith Huntoon s antibody solution 

Chart 16 shows variations in the tempeiature of anotlier patient 
treated with intravenous injections of antibody solution This was a trpe 
II infection m which the fiist injection of antibody was given on the third 
day of the disease Tw'o injections of tlie solution sufficed to bring the 
temperature down to normal and to eftect a rapid recover) The leac- 
tions following the iniections did not differ in any lespect from those 
seen in the cases of t\ pe I pneumonia 

In some instances Huntoon s solution appeared to have some clinical 
eftect on patients with t)pe III pneumonia though the statistics for 
cases of t)pe III pneumonia were not encouraging except wdien the 
injechons were given early m the disease Chart 17 shows the lariations 
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in the degree of teinpeiature of a patient with type IV pneumonia in 
which the intravenous injection of antibod} produced a sharp reaction 
and apparently aborted the disease 

The next problem that presented itself was to obtain, if possible, the 
beneficial effect of Huntoon’s solution without the disadvantage of the 
reactions The simplest way to avoid the reactions was naturally to 
inject the solution subcutaneously^ instead of intravenously Larger 
doses of antibody r\eie employed for the subcutaneous treatment, from 
100 to 200 being the initial dose, and in severe cases even 300 cc was 
often given at one time The average amount administered per case was 
650 cc This method of administering antibody was tried in the wards 
of Seller ue Hospital on alternate patients dining the winteis of 1922 and 



Chart 17 — Variations in temperature of a patient with pneumococcus type IV 
pneumonia treated with intravenous injections of Huntoon’s antibody solution 

1923, and 1923 and 1924 The results were rather disappointing"^ 
The subcutaneous method of treatment eliminated the chill, but appeared 
to har e little effect on the course of the disease The death rate for all 
types was almost as high for treated patients as foi untreated controls 
V'hen only the early cases were compared, there appeared to be some 
difference In table 5 the results for all patients with pneumococcus 
pneumonia i\ho recened antibody'^ subcutaneously within forty-eight 
hours after the onset of the disease are compared with those for patients 
with pneumococcus pneumonia who were admitted to the control wards 
within forty-eight hours of the onset of the disease There appears to 
have been beneficial effect, but the groups are small 

23 Cecil, R L, and Baldwin, H S J Pharmacol &. Exper Tlierap 24 1, 
1924 
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In the meantime, Dorothy Rhoades had made a study of the fate ot 
pneumococcus protectiA^e antibodies when injected into noimal animals 
and man She found that when pneumococcus antibodies are injected 
intiaAenously in a normal rabbit or man, protective bodies against pneu- 
mococcus type I aie leadily demonstrable in the circulating blood immedi- 
ately after the injection and persist there for a Aaiiable period which may 
be two weeks or longei On the othei hand, she found that in animals 
injected subcutaneously with solutions of pneumococcus antibody, a cei- 
tain amount of protective substance was usually demonstrable m the 
blood, but that m some cases antibodies do not make their appearance m 
the blood The reason for this variation was not found 

Table 5 — Death Rates foi All Patients With Pneumococcus Pneumonia Receiv- 
ing Antibody Solution Subcutaneously Within Foi ty-Eiglit Homs of Onset of 
the Disease Conti ol Shows Death Rate foi Patients zvitli Pneumococ- 
cus Pneumonia Admitted to Conti ol JVaids Within Foity 
Homs of Onset of the Disease, 1923 and 1923-1924 Senes 


Cases Treated with Antibodv Control Cases 


Type of 





Pneumococcus 

Cases 

Deaths 

I 

23 

4 

II 

13 

a 

ni 

7 

4 

IV 

40 

7 

Total 

S3 

20 


Death Rate, 
per Cent 

r 

Cases 

Deaths 

Death Rate, 
per Cent 

17 3 

23 

6 

26 0 

SS4 

27 

15 

55 5 

57 1 

21 

10 

47 5 

17 5 

28 

8 

250 

24 0 

99 

39 

392 


Realizing the serious objection which the theimal reactions presented to 
the general use of solution of pneumococcus antibody, Huntoon had been 
tiyung to eliminate the chill-producing substance from his extract , after 
considerable experimentation, he succeeded in removing the greater pai t 
of it without deci easing in any way the potency of his product The anti- 
body solution now obtainable m the maiket can usually be administeied 
intravenously without causing a chill, paiticularly if doses of 50 cc are 
adhered to, large doses, from 100 to 150 cc aie still apt to produce a 
chill, and unfortunately, the laige doses are often needed Indeed, I 
doubt if the protective substance against tjpes II and III pneumococcus 
in Huntoon’s solution is sufficient to afifect materially the course of a 
severe infection, that is, without causing a chill, if the dose is laige 
enough to cause a chill, it may have a favorable effect not only on fixed 
t} pes, but even on type IV infections What the solution of antibod\ 
now needs is increased concenti ation In a highly potent foim it nould 
be an almost ideal product for the specific ti eatment of patients u ith the 
fixed types of pneumococcus pneumonia 


24 Rhoades, D H>g Tab Bull, no 141 1925 p 31 
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TELTOX'S CONCENTRATED ANTIPNEUMOCOCCUS SERUM 

In 1924, Felton published his first lepoit on the isolation and con- 
centration of the specific antibodies of antipneumococcus serum In 
prehmmaiy tests, Felton found that the protective substance was always 
associated with the water-insoluble fi action of serum, that is, the globulin 
After various expeiiments, Felton found that the largest return of 
immune bodies could be obtained fiom antipneumococcus seium by 
simpl} diluting one pait of seium in ten paits of water Taking 
advantage of this fact, he was able to isolate the specific antibodies and 
redissohe them in a concentrated foim The concentrate, of course, 
contained serum globulin in addition to the immune bodies Actually 
these earlier lots of Felton’s seium contained 3 5 mg of nitrogen per 
cubic centimeter The technic employed by Felton was as follows 

One liter of serum is slowly poured into IS liters of agitated, cooled distilled 
vater, and the precipitate is allowed to settle over night in the icebox The 
supernatant fluid is then syphoned off, and the flocculent precipitate is washed 
with the same volume of cooled, distilled water used for the precipitation The 
suspension is again permitted to settle for twenty-four hours Once more, the 
supernatant liquid is syphoned off and the white sediment collected by means 
of a Sharpless centrifuge The compact white residue in the bowl of the 
centrifuge is taken out and dissolved in one-half molecular sodium chloride If 
the solution is not clear, it is then passed through a Berkefeld candle The 
resulting filtrate is a slightly opalescent fluid, free from sediment By the use of 
this technic on a number of different antipneumococcus serums, concentrates 
tvo or three times stronger in immune bodies than the original were obtained 
Even greater concentration, however, has been secured by using other solvents 
than sodium chloride, such as tartaric acid 

The first lots of Felton’s serum weie subject to the disadvantage 
^\hlch has already been desciibed m connection with Huntoon’s solution 
Intla^enous injections of eten small amounts weie nearly always fol- 
lowed by thermal leactions Felton, howevei, like Huntoon, has dis- 
covered methods of eliminating the chill-producing substances At the 
present time, not more than 10 per cent of patients ha^e thermal leactions 
after intravenus injection, an incidence which is no higher than that 
following the intiaienous injection of the oiiginal seium 

One of our first experiments with Felton serum was a test of its 
efficacy m the control of experimental pneumococcus pneumonia in 
monkeys The variations in temperature and the number of white blood 
cells for four monkeys that weie infected with lethal doses of pneumo- 
coccus tjpe I pneumonia are shown in chart 18 Twenty-four hours 
after infection, three of the monkejs were started on intravenous injec- 
tions of Felton’s tvpe I serum The fourth monkey served a^ ^ control 

25 Felton, L D Boston AI & S J 190 819, 1924 

26 Felton, L D J Infect Dis 37 1, 1925 



If urn 


CECIL-LOBAR PXEUMOXIA 


329 


By refernng to the charts, it will be seen that in tiie case of the three 
monke3's tliat received tlie serum a striking effect ^^as produced in the 
course of tlie disease The temperature dropped and the pneumococci 
disappeared from tlie blood, just as in a preinous expenment in ivhich 
the monke\‘S had been treated wntli ti-pe I serum or with Huntoon’s anti- 
body solution The tliree monkei’s tliat were treated witli Felton s serum 
made a complete reco\er\ while tlie control monke}' developed a ful- 
minating septicemia and died on the fourth da>' 


t^onKs^308 Mcnr^ey 309 MonKey 310 MonHey 31! 

Control 



Ch?rt 18 — Three monte>s (308 309 and 3101 witn pneumococcus tjpe I 
pneumonia were treatea v uh Feltons type I serum and recoiered The control 
t311) did not recewe tlie serum and d.ed 


e then began to tn.' out the Felton serum on patients in tlie wards 
Dr Felton supplied us with a polyvalent serum of high potencv ao^ainst 
pneumococcus type I and a fairh' high potency against pneumococcus 
tipe II The pohwalent serum was administered intravenously as soon 
as the diagnosis of pneumonia was made If bactenologic examination 
retealed a pneumococcus type I or ty-pe II infection, we changed to 
monot alent serum eitlier t\ pe I or tr-pe II as the case might be If tlie 
laboratoiy* reported pneumococcus U-pe III or t\~pe IV, seram treatment 
was discontinued 


Pneumococci m (cc of hfooU O* 
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The clinical eftect of Felton’s serum on type I infections is often 
striking Chart 19 shows the variations in temperatuie and the niimbei 
of pneumococci per cubic centimeter of blood of patients with tjpe I 
pneumonia who were tieated on the fourth day with two intravenous 
injections of Felton’s type I serum It will be noted that on the morning 
of the fouith day, the patient’s blood was entiiel) free from immune 
bodies Four hours after the first injection of serum, the blood showed 
a large amount of protective antibodies The two injections of 10 cc of 
serum were given in the evening The patient’s blood maintained a high 
content of immune bodies, and on the following morning the crisis 
occui red 



Chart 19 — Variations in temperature of a patient uitli pneumococcus tjpe I 
pneumonia treated with Felton’s concentrated t>pe I serum 


In chait 20 the results are given for another patient with tj'pe I 
pneumonia admitted on the fiist day of his disease -with a tempeiature of 
102 5 F and w^ell marked septicemia (10 colonies to each cubic centiinetei 
of blood) At this time the blood was entiielj' fiee from immune bodies 
Six intra\enous injections of Felton’s seium w'^ere given on the fiist da^ 
On the second day the blood was sterile and contained a large amount 
of protectne antibodies This state of affairs continued, and on the 
moi ning of the third daj the patient had a crisis 

It is ei ident from these charts that small doses of Felton s concen- 
tiated serum are capable of achieving the same lesults that are obtained 
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by laige doses of Cole’s type I serum and Huntoon’s antibody solution 
The temperatuie drops, bacteria disappears fiom the blood and the crisis 
IS hastened Similai effects have been produced in patients with pneu- 
mococcus type II pneumonia*, but we have found that in the case of 
type II infections, it is impoitant that tieatment should be staited eaily 
Statistical evidence concerning the value of Felton’s seium is not yet 
convincing, as the numbei of patients tieated has not been sufficiently 
large During the past wmtei iii Bellevue Hospital, alternate patients 
with pneumonia have been tieated with Felton’s serum 

Patients who had t 3 ^pe I and type II infections weie tieated inten- 
sively, those with type III and type IV leceived only the initial injections 



Chart 20 — Variations in temperature of a patient with pneumococcus type I 
pneumonia with jsepticemia treated with Felton’s concentrated type I scrum 

which were given before the types weie detei mined In table 6, patients 
that received serum are compared with those that did not leceive any 
In this table, patients dying within twenty-four houis after being 
admitted to the hospital have been excluded in both gioups In foity- 
eight cases of type I pneumonia in which the patients weie treated, 
the death rate was 20 8 per cent , in the control gioup, the death late was 
29 5 per cent In the type II group, tieatment appeared not to have any 
effect, the death rate in the treated series being almost identical with that 
in the untreated senes (48 per cent versus 46 1 pei cent) 
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In table 7, patients that ^vere treated during the first four days of their 
disease are compared with controls admitted to the hospital during the 
first four days of the disease This table demonstrates clearly the impor- 
tance of ever} treatment The death rate* in the treated patients with 
type I pneumonia is only 11 1 per cent, and the patients with type II 
pneumonia that received serum earl} show a mortality of 23 3 per cent 
as compaied with 42 1 per cent in the control cases with type II pneu- 
monia 

Incidental!} , this table illustrates the penis of statistics Nine 
patients with type III pneumonia m the untreated series show a mortality 


T \BLi: 6 — Death Rates of Patients with Pneumococcus Pneumonia Receiving 
Felton’s Seium, Compaied with Alternate Cases in Which 
Scrum was not Given 




Tre itcd 



Untreated 

l 


Ijpe 

Cases 

Died 

Percentage of 
Mortality 

Cases 

Died 

Percentage of 
Mortality 

I 

48 

10 

20 8 

61 

18 

29 5 

II 

25 

12 

4S0 

26 

12 

461 

III 

IS 

6 

333 

32 

6 

18 7 

IV 

G<3 

16 

242 

43 

14 

32 5 


Table 

7 — Death Rates of Patients Tieated with Felton’s Setnm During the 
Fust Foul Days of Disease, Compaied with Conti ols Admitted 

Duiing Fust Four Days of Disease 



Treated 

A 

Untreated 




Percentage of 


Percentage of 

l\pe 

Cases 

Died Mortalitj 

Cases Died 

Mortalitj 

I 

18 

2 111 

21 4 

19 0 

II 

11 

3 27 3 

19 8 

421 

III 

4 

2 500 

9 0 

00 

IV 

28 

6 214 

14 5 

35 6 


rate of zero i Ordinarily the death rate in this type of pneumonia is 40 
per cent For some reason the patients with type IV pneumonia who 
recene an injection of Felton’s serum show a considerably lower death 
rate than the control cases This figuie, ho^\e^er, is only slightly below 
the usual death rate of patients with type IV pneumonia The death rate 
in the control cases of type IV pneumonia is abnormally high in this 
particular series 

These figures indicate clearly that Felton’s serum has a definite efl:ect 
on type I pneumonia, this effect being most marked when the serum is 
administered early The evidence in type II pneumonia is not so con- 
\nncing, but judging from the effect in individual cases in which the 
serum administered early has sterilized the blood and caused a clinical 
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mipio\einetit in the patient one would seem justified in concluding that 
Feltons ceium will sometimes be of \alue in Upe II pneumonia, espe- 
cial!} when admmistcicd earl} m the disease 

This conclusion is suppoited b} the statistics w^hich show' a compara- 
tnch low death rate for j^atients Heated witli serum during the first 
foiu da}s of the disease It must be admitted, however, that the numbei 
of tasCb IS still compruatixeh small 


SLMM\UY 

1 shall now consuiei the compaiatuc meiils of these \aiious specific 
.igents One tiling I think is cleai, anti that is that the piinciple involved 
IS the same m all It has been jiroxed In oui in\ estigations and those of 
others that death in pneumonia is accoinjiamed in a laige numbei of cases 
In pneumococcus ^ejHietmia anti \kc \eisa, that septicemia is usuall} 
followed b} death 

In this rcMCw, iiist.uiccs ha\c been pie-dented m which the steiiluation 
ot the blood m pncuinoeoccus Upc II pneumonia in man followed and 
seemed to be due to the admimsti.iiion ol some foim of homologous anti- 
jineuniococcus serum I hnic also tned to show' that the j^iesence of 
piotectne substance in the blood is of distinctly fa\oiable import m 
prognosi<. I’lotncols ha\c been pre-dcnted which show' that it is possible, 
through the a<lmmistr.ilion of piieumosoeeiis t}pc I or Upe II immune 
bodies, to establish a balance of jirotcctne substance m the blood of the 
patient I ha\e referied to the woik of \\ei}' and Meidclberger who 
ha\e shown tliai the pneumococcus jiroduces a soluble substance w'liich 
has the propert} of alisorhmg (>i neutiah/ing the pioductne antibodies 
produced by the patient 

It has also been pointed out that in tlic blood of pneumonic patients, 
either with or without pneumococcus septicemia, the specific soluble 
substance ma} be present and display the same faculties for neutralizing 
immune bodies The i ecent studies of Robertson and Sia w ith leukocytes 
and immune serum indicate that the specific protectne bodies aie neces- 
sary for the phagoc}t05is of pneumococci 

The chief function, then, of antipneumococcus seium is bacteiiotiopic, 
that IS, an opsonization of the bacteria pielimmaiy to their destruction 
by the leukocytes If the blood stream is filled with “soluble substance,” 
It IS evident that the patient’s ow'ii efloits to develop an adequate supply 
of immune bodies W'lll often be neutralized by the soluble substance of 
the pneumococcus If the immune seium is administered early and the 
administration continued foi a sufficient length of time, the soluble sub- 
stance may be neutralized and an actual balance of immune bodies estab- 
lished in the patient’s blood By such an achievement, the pneumococci 
are properly prepared for phagocytosis, and bacteiemia is prevented 



334 ARCHIVES OF INTERNAL MEDICIRE 

The patient Avith pneumonia complicated by pneumococcus septicemia 
needs a great deal of help The difficulty at present is that the patient 
often needs more help than one dares to gn^e him with the agents at 
one’s command One hesitates to inject enormous quantities of horse 
serum into the A^eins of a sick man The possibility of a chill oi some 
unexpected antiphylactic leaction is enough to inspire the careful 
physician with a dread of intravenous serum therapy 

Of gieat importance, therefore, in the practical application of anti- 
pneumococcus serums aie the problems of purification and concentration 
of the specific agent Huntoon’s pneumococcus antibody solution is 
almost entirely free fiom horse protein, but it lacks sufficient concen- 
tration Felton’s antibody extract has the concentration but lacks the 
entire freedom fiom horse protein which Huntoon’s solution possesses 
Both products sometimes produce a chill when laige doses aie injected 
intravenously 

Most of this discussion has dealt with the specific treatment of patients 
u ith type I and type II pneumonia, the two groups in which the outlook 
for a successful specific therapy is most promising In the case of pneu- 
mococcus type III pneumonia, the serum and serum derivatives have 
thus far contained such small amounts of protective substance that their 
therapeutic A^alue is practically ml My co-workers and I have nevei 
been able to save monkeys with type III pneumonia, and we have been 
unable to steiihze the blood in the type III pneumonia of man by specific 
therapy The death rate in patients with type III pneumonia who were 
treated with specific type III antibodies has been almost identical with 
that of the untreated patients Specific therapy for type III pneumonia 
has little to offer at the present time 

In type IV pneumonia one is dealing, not with one gioup of pneu- 
mococci, but with a large number of biologically different types In view 
of the type specificity of the protective substance, it is obviously impos- 
sible to make a type IV serum from a single strain of type IV pneumo- 
coccus In Cecil and Larsen’s senes of patients treated with Huntoon’s 
antibod)- solution, there Avas a decided lowering of the death rate in the 
treated patients Avith type IV pneumonia Striking results in type IV 
pneumonia AA'^ere also obtained by Conner in his series treated at the 
NeAV York Hospital Avith Huntoon’s antibody solution It is probable 
that the good results obtained m both of these statistics were due to the 
foreign protein or to (shock) reactions Avhich occurred after the intra- 
A^enous injections The clinical results with Huntoon’s antibody solution 
m type IV infections haA'-e not been sti iking since the chill-producing 
substances have been eliminated It might be possible, of course, to pre- 
pare a polyAalent pneumococcus tj^pe IV serum by immunizing a horse 
against a number of pneumococcus type IV strains This, hoAveA^er, is a 
problem for the future 


27 Conner, L A Am J M Sc 164 832, 1922 
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SUMMARY 

Fioni the evidence submitted, it is clear that antipneumococcus seium 
and Its deiivatives, when administered under the pioper conditions, are 
capable of exerting a definite influence on the couise of pneumococcus 
type I and type II pneumonia A specific therapy for these two types of 
pneumonia is, therefoie, theoietically sound The practical application 
of the specific treatment of pneumonia is still handicapped, however, by 
ceitain defects in the seium itself or in the derivatives from it What- 
evei the seium or seium deiivative used, the necessit)’’ of eaily and 
adequate tieatment cannot be too strongly emphasized In oui expeii- 
mental woik on pneumococcus pneumonia, the value of laige doses of 
seium has always been strongly impressed on us 

With numeious iirvestigators now studying pneumococcus infections, 
there is everj^ reason to believe that each succeeding yeai will shed 
further light on the pioblem During the past decade much pi ogress has 
been made, but much moie still lemams to be done before a thoioughly 
satisfactoiy specific tieatment is achieved 



IMMUNITY TO TUBERCULOSIS ■- 


JOHA.NNES HEIMBECK, MD 

OSLO, NORWAY 

Eveiy year about a hundred young women begin a three }eai couise 
in the nurses’ training school at Ullevaal in the Municipal Hospital of 
Oslo While in tiaimng, some of these young women contract tuber- 
culosis in Its different forms To ascertain whether oi not this disease 
was more frequent among the pupil nurses than among people in othei 
environments, my chief, Dr Olaf Scheel, in 1924, began making 
Pirquet’s tuberculin cutaneous tests on these nurses Since then the 
investigation has continued, and this leport is the result of this and othei 
researches which have followed The report will be divided into thiee 
parts in which the following facts will be considered (1) the numbei 
of nurses with positive and the number with a negative reaction to the 
Piiquet test on entering the school, (2) the number and the classification 
of nurses contracting tubeiculosis (3) Can we prevent tubeiculosis 
among nuises^ 

PIRQUET TEST 

The leaction of the nurses to the Pirquet test on admisson to the hos- 
pital will be shown in the diagram With a few exceptions, the nurses 
were between the ages of 20 to 25, and all were in good health 

Thus table 1 shows that on entrance to the school 52 per cent of the 
pupils gave a negative reaction to the Pirquet test and 48 per cent gave a 
positive reaction The lesults of these tests aie in sliaip contrast to the 
prevailing opinion relative to the spread of tuberculosis among civilized 
people It IS generally believed that practically every one is infected with 
tuberculosis during childhood oi )'outh, so that a negative reaction to 
the Piiquet test is seldom found after the age of 20 

Extensive investigations have been made among the children in the 
public schools of Oslo These have shown that at the age of 9 about 
85 per cent of the children gave a positive reaction to the Pirquet test 
In the country districts, the number of positive reactions was less The 
general opinion has been that one seldom finds a negative reaction among 
the inhabitants of the cities at the age of 18 Most of the material for 
the nurses training school comes from the cities, the pupils having 
resided in the city for a longer or shortei period of time prior to 
entrance to the school 

* From Ulle\ aal, the Municipal Hospital of Oslo, Department of Internal 
Jiledicine Dr Olaf Scheel, chief physician 

* Preliminary, report given before the Interstate Post Graduate Assembly of 
North America, Oslo, Nor\\a\, June 11, 1927 
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In order to check the results of the investigation on pupil muses, 
other groups of people of the same age were tested with the Pirquet 
leaction Seventy-nine medical students were examined piior to then 
enhance into hospitals and 222 militaiy recruits, 47 per cent of the 
medical students gave negative reaction to the Pirquet test and 53 pei 
cent gave a positive reaction , 55 per cent of the military recruits gave 
a negative reaction and 45 pei cent gave a positive reaction These 
investigations confirmed oui observations on pupil nurses in that about 
50 per cent gave negative reactions to the Pn quet test The old 
opinion lelative to the frequency of the positive Pnquet test in adult 
life seems to be wrong 

The question may well be asked. Why is the percentage of negative 
reactions so great at the age of 20^ One possibility is that special con- 
ditions in the children examined may have caused a highei percentage of 
positive reactions than among children in geneial , this peicentage perhaps 
does not increase to more than 50 befoie the person leaches the age of 20 
This is, contradicted howevei, by the agieement of all the earliei 


Table 1 — Reaction of Nuisc<; to Pvquet Tc<;t 



Xnmber of Nurses 

Negntive 

Positive 

1924 

109 

51 

58 

1925 

114 

72 

42 

1920 

114 

62 

52 

1927 until June 

83 

S5 

48 

Totil 

120 

220 

200 


researches on the subject Thus theie are two outstanding facts 1 
In late childhood and youth there aie nearly 100 per cent positive leac- 
tions 2 The positive leactions fall to nearly 50 pei cent at the age 
of 20 This must mean that the reaction to the Pirquet test has changed 
in about 50 per cent of the earhei positive cases 

In attempting to explain this change, the conditions leqniied to pro- 
duce a positive reaction must be stated First, the oiganism must be 
infected with living tubercle bacilli, second, the oiganism must leact to 
the infection, as every healthy organism does But there aie several 
states that produce anergy acute infectious diseases, pubeity, grave 
anemia, etc, in shoit, conditions pioducmg asthenia These conditions 
were absent in the nurses and other groups examined, as all those tested 
were healthy at the time of the investigation Theie is, theiefoie, 
scarcely any reason to believe that 50 per cent of the pei sons gave a 
negative reaction because of the lack of necessary strength to react 
On the contrary, everything seems to indicate that those tested were in 
the best condition to leact, as will be shown latei Thus there is but 
one known possibility left, that is, the infection itself, the piime con- 
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dition for the reaction, is lacking This seems to be reasonable, because 
tuberculous infection can rapidly or slowly kill or be killed b> the oigan- 
ism The latter fate has befallen the infection among the nurses who 
ga\e a negative reaction to the Pirquet test The} were infected in 
childhood and gave a positive reaction to the test, but the organism has 
little by little conquered the infection, and between the ages of 20 and 
25 the infection has burned out, the positive reaction to the Pirquet 
test caused by the childhood infection has disappeared, and they are 
again virgin soil for a new' infection, just as thev w'ere wdien they w'eie 
new’-born 

This IS only a theoiy, but it agrees wuth the pathologic-anatomic 
researches The late Dr Jens Bugge of the Pathologic- Anatomic 
Institute of the University of Oslo has showm that there w'eie no signs 
of living tubercle bacilli in about 30 per cent of tbe sections in which 
traces of tuberculosis w'ere found 

The theory of a burned out infection and virginal soil for a new' 
infection is mentioned in the second pait of this paper 

Taiie 2 — Number of Nwscs wtflt Tuba ctilosis That Gave Positive Reactions and 
Wuniber That Gave Negative Reactions to the Piiqnct Test 



Positive 

^CEatlV0 

1921 

0 

13 

192-. 

o 

17 

1921. 

1 

14 

1927 

0 

4 


XbMBUl AND CL \SSI1 ICATIOA OF TUBERCULOUS CURSES 

The total number of cases of tuberculosis that have developed in the 
pupil nurses is fifty, but the} have not been found in equal numbers 
among the groups that gave positive and negative Pirquet reactions The 
distribution is showm in the table 

As far as the rest of the nurses who originally gave a negative reaction 
to the Pirquet test are concerned, only one of the 1924 class, two of the 
1925 class and six of the 1926 class still gave negative reactions I shall 
lefer later to the group wduch started in January, 1927 But it can now' 
be stated as certain that in the course of one or tw'o years, the reactions of 
practically all of those who former!} gave a negative reaction to the 
Pirquet test have become positn e, and that about 20 per cent of them 
have contracted a tuberculous infection This seems to show that they 
were uninfected and presented a -virgin soil w'hen they began their 
hospital service, and that the} soon contracted an infection 

If now the two groups are considered, the health} nurses who gav c a 
positne reaction as a result of an old infection, and the healthy nurses 
with a negative reaction who soon became infected, it is seen that fresh 
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tuberculous infection causes the greatei number of cases of tuberculosis , 
an old infection seldom develops into the disease In other words, the 
tuberculous infection generally shows its tendency at once either to con- 
quer the organism or to be conquered b}’- it and to establish immunity 
which IS expressed by the Pirquet reaction 

Should this matter be considered with special regard to the Pirquet 
leaction, it would seem that a positive reaction in a healthy person shows 
immunity against tuberculosis It would then seem natural to attempt 
to obtain a positive reaction without infecting the subject with virulent 
tubercle bacilli 

IMMUNITY TO TUBERCULOSIS 

I have succeeded in obtaining a positive reaction to the Piiquet test 
by using the avirulent tubercle bacilli (Bacille-Billie-Calmette-Guenn) 
This was ongmally a tubercle bacillus, typus bovinus, of general patho- 
genicity which Professor Calmette ^ and his collaborators at the Pasteur 
Institute of Paris brought to noiipathogenicity without loss of other 
special peculiarities, especially the tubei cuhn-producmg capacity They 
did this by cultivation on a medium of potato-glycerin plus 5 per cent 
of bile through 230 passages in thirteen years 

The nonpathogenicity of this bacillus has been tested m every way 
by inoculations of all kinds into various animals It is interesting to 
note that inoculation of huge doses into thousands of guinea-pigs and 
anthropoid apes has not caused the development of tuberculosis m any 
case Of still greater importance is the fact that the animals thus 
inoculated with nonvirulent bacilli have acquired resistance against infec- 
tion by virulent tubercle bacilli and aie immune as long as this infec- 
tion lasts 

This IS in agreement with Koch’s theoiy of immunity to tuberculosis, 
namely, that as long as a peison is infected with it, he cannot acquire 
a new infection 

In the fight against tuberculosis among cattle in France, this method 
has been used with much success Professor Calmette has tried it on 
human beings and found it to be suitable for only those who were not 
already infected Because of the widespread belief that every one has 
an infection earlier or later in childhood or youth, Professor Calmette 
selected for his tests young children most threatened with tuberculosis, 
namely, new-born children of mothers with open tuberculosis In this 
group the mortality was extremely great Statistics show that when a 
child remained with the mother the death rate during the first year was 125 
per cent in France, excluding Pans , in other countries, it was as high as 

1 Calmette, A , et al Presse med 33 825 (June 20) 1925 , 34 241, 1409, 
1926 Calmette, A Presse med 34 897 (July 17) 1926 
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72 per cent With few exceptions these children are free from infection 
at birth Professor Calmette ga\e each child 1 centigram of a suspen- 
sion of bacilli by mouth three times at intervals of three da}s, the first 
dose being given as soon after birth as possible, before infection from 
the motlier To date, about 30,000 children ha\e received this treatment 
in France and in her colonies, and it has not been reported that harm has 
lesulted Among the 1,200 children closel} obserred and controlled for 
a }ear or more, the mortalit} from tuberculosis dropped to 1 per cent 
Because the BCG bacilli are not harmful to children or animals and 
because the BCG bacillus infection seems to induce resistance or immunity 
to tuberculosis in children, I began to use it on nurses who gave a negative 
reaction to the Pirquet test and who w'ere supposed to be in the same 
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Pupil nurses grouped according to \on Pirquet reaction showing incidence of 
tuberculosis Numerals at the top of the columns indicate the number of nurses 
in eacli group, + indicates that the Pirquet test was positne, — that the Pirquet 
test w'as negatne, NV in column eight shows number not inoculated, V, in 
column nine, number inoculated with BCG bacilli Numerals at the bottoms 
columns indicate the number of cases of tuberculosis that developed in each 
group Numerals, 1924, 1925, 1926 and 1927, indicate the jear each group of 
nurses began training 

receptne state to tuberculous infection as new-born children Because 
the oral inoculation of the new-born is based on the great permeability 
of the intestines which soon disappears, subcutaneous inoculation was 
used The dose given w^as much less because of the increased effective- 
ness and concentration of the bacilli when gnen subcutaneously, and 
about a >ear ago the first inoculation with 0 2 milligram of BCG bacilli 
in physiologic sodium chloride was used on tivo persons 
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The first trial was made on a man, aged 33, (autotnal) to ascertain the effect 
of the inoculation if it were gi\en by mistake to a person with a positive Pirquet 
reaction during a temporary negative phase due to some anergy-producing state 
lie gave a positive reaction to the test and was inoculated m the left arm One 
hour later, there appeared "rubor, calor and dolor” about the site of inoculation and 
“functio laesa” of the arm The symptoms continued for several days, then local- 
i7ed about the site of the inoculation, and after six days an abscess developed The 
pus from it contained many tubercle bacilli Attempts to treat the abscess by aspi- 
ration with the needle failed , and the surgical treatment was then begun and the 
abscess healed after nine weeks Fever or symptoms of disease were not present 
during the entire period of the trial, which must be considered as a Koch’s 
reaction, and showed that there %\as no risk in inoculating a person who gave a 
positue reaction to the Pirquet test 

The second trial was made on a boy, aged 4, who had repeatedly given negative 
reactions to the Pirquet test The same dose and site were used for inoculation 
as 111 the foregoing case Fever did not follow the injection, and the onlj untoward 
symptom was a little infiltration about the site of the inoculation, which sup- 
purated two and a half months later, this suppuration continued for fi\e months 
At this point, the boy ga\e a positive reaction to the Pirquet test 

Because of the abscess formation in the cases lepoited, smaller closes, 
0 03 mg , were given the nurses who gave a negative reaction to the 
Pirquet test Some of these subjects developed a little infiltration, otheis 
did not have any reaction Those wdio did not react weie given another 
inoculation of 0 05 mg a -week later Within four weeks aftei the 
second dose, there developed a small infiltration wdiich was still piesent 
at the end of seven and one half months All gave a positive leaction to 
the Piiquet test after six weeks I consider 0 05 mg the most suitable 
dosage, as this produced a local reaction, infiltiation which signifies that 
the organism leally has reacted to the inoculation This method has 
been used in about forty cases 

The result of the inoculations has been, namely, all those who weie 
inoculated gave a positive reaction to the Pirquet test aftei a sufficient 
length of time The time between the inoculation and the appearance 
of the reaction has been from eleven days (a boy, aged 4, given a dose 
of 0 2 mg ) to eight weeks, averaging from about foui to six weeks 
About one half of those inoculated had an infiltiation the sue of a pea, 
of these, three suppurated , the suppuration was easily conti oiled The 
others who weie inoculated did not have a reaction, local or general, 
except that the Pirquet reaction became positive The intensitv of the 
reaction has varied from 1 or 2 sq mm along the sciatch, to 10 mm of 
rubor and infiltration The meaning of this difference in reaction is not 
at this time apparent The duration of the positive reaction to the 
Pirquet test and the allergy expressed by it is not known , in all cases 
that I have been able to follow it has been stabile thiough the period of 
observation up to one year (m one case) 
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One group on which tlie tests w ere made I shall mention especiall} , 
that IS, the gioup of nurses with a negative Pirquet reaction who started 
their hospital training in January, 1927 There wei e t\\ ent} -three nurses 
They ivere mfonned of the earlier results of the research and were asked 
whether they wished to be inoculated witli the Calmette baalh Tweh e 
wished to be inoculated, and this was done as soon as possible after thev 
entered the service Before inoculation and during the fiist weeks fol- 
lowing it, the}'- were not allowed in the tuberculous wards, so as to 
protect them as much as possible against malignant tuberculous infection 
during the period immediately following vaccination Eleven of them 
lefused to be inoculated The result was that up to the present time, 
foui of the eleven with negative reactions to the Pirquet test who lefused 
\accmation and who worked in the hospital among its tuberailous 
patients have a tuberculous disease, but of the twelve who were vac- 
cinated and whose reaction to the Pirquet test in this way became 
positive, none has a tuberculous disease 

SUMMARY 

Researches among nurses have shown tliat at the age of 20, the age 
at which tuberculosis shows the greatest frequency about one half of 
those examined give a negative Pirquet reaction , among these, with few 
exceptions, the cases of tuberculosis occur When nuises who 
gave a negative reaction to the Piiquet test were inoculated with 
Calmette’s avirulent tubercle bacilli, the Pirquet reaction became positive 
The prehminar} experience with those inoculated seems to show that 
inoculation coincidental!} produces some resistance and immunity to 
Mrulent tubercle bacilli Time and furthei observation will prove oi 
disprove this theory 



AGRANULOCYTIC ANGINA 


REPORT OF A CASE 
LAWRENCE IC GUNDRUM, MD 

LOS AKGELES 

Agranulocytic angina was first reported by Schultz ^ in 1922 In 
June, 1927, Kastlm- leported two cases and reviewed foity-one previ- 
ously reported Since Kastlin’s monograph, Linthicum ^ has reported 
two cases and Finnegan one Of the foity-seven cases reported 
(including the one given below), forty-thiee (91 per cent) terminated 
fatally Tlurty-seven (78 per cent) occurred m females, the majority 
of whom were past the age of 40 In only one case was there a history 
of a previous attack 

The disease is characterized by an acute onset with a temperature of 
from 101 F to 105 F , with great prostiation, soie throat or mouth and 
severe headache It is sometimes accompanied by chills, general muscle 
pains, vomiting, herpes, bleeding from the oral and vaginal mucosa and 
jaundice A membrane is usually present either in the region of the 
tonsils or along the gingival margins In the fatal ases, the external 
genitalia are often involved, which may progress to deep ulceration 
Usually glandular involvement is not marked The blood pictuie shows a 
marked reduction of the number of granular leukocytes Bacillus 
pyocyaneus has been isolated m a number of cases, and in none of these 
has recovery taken place In several cases the bone marrow was found 
to be cell poor and the spleen enlarged at autopsy Howeier, these 
observations are not constant 

REPORT or A CASE 

Hisloiy — Mrs K, aged 58, came under observation at 7 p m, July 23, 1927 
She complained of fever and sore throat The family history was unimportant 
The past history showed that there had always been a tendency to infections 
following any abrasions of the skin For several years, she had had 
attacks of pain beginning m the right gluteal region and radiating down 
the back of the leg On Feb 1, 1927, she developed a sore throat 
The pharynx, uvula and tonsils were covered with white patches The 
uvula and tongue were swollen A rash characterized by slightly raised red 
spots about the size of a dime covered the entire body The rash did not become 
vesicular or pustular, but it caused great itching This condition lasted for ten 

1 Schultz, Werner Deutsche med Wchnschr 48 1495 (Nov 3) 1922 

2 Kastlm, George J Agranulocytic Angina, Am J M Sc 173 799 (June) 

1927 

3 Linthicum, Fred H Pyocyanic Stomatatis with Agranulocytic Leukopenia, 
Cahf & West Med 27 78 (June) 1927 

4 Finnegan, Frank P J Missouri M A 24 258 (June) 1927 
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\\ecks A temperature of 100 F to 104 F \\as present throughout this period It 
receded gradualh During the entire attack, frontal and occipital headache \\ is 
present conbtantl> Tlie patient was told that she had a heart nuinnur at this 
time The pain in her right gluteal region increased, with local sw'clling and 
tenderness The swelling was incised, and a large amount of pus was obtained 
During the following twentj -eight dajs, her general health was good, and the 
patient gained 20 pounds (90 Kg) , then suddenlj she de\ eloped a similar rash, 
accompanied b% anorexia and severe prostration The next day the throat became 
sore The entire pharMix was co\ered with a white membrane, the mula was 
sw'ollen and stiff, the “entire throat discharged pus ” The temperature was 100 F 
to 104 F She had sea ere headache and nausea, and frequency of micturition 
with burning At the end of two weeks, all of the sjmptoms had disappeared 
except tlie painful micturition 

The present attack began on Juh 22, 1927, with a similar rash followed b\ 
sore throat Essential points in the examination when the patient w’as first seen 
(Julj 23) were as follows a few small rose colored herpetic areas on the wrists 
about the si?e of a dime The tonsils were slightly enlarged and red There w'as 
some swelling behind the right tonsil, there was not anv evidence of fluctuation, 
neither exudate nor a membrane was present The cervical glands were slighth 
enlarged and tender The temperature was 103 2 F, and the pulse rate 90 
Results of examination of tlie heart and lungs were negative On July 24 and 25, 
the condition w'as unchanged, except that the patient complained of more severe 
pain on swallowing On Julj 26, a small amount of thick tenacious mucopus w'as 
remoNcd from the region of the right tonsil During the da>, the temperature 
dropped from 104 4 F to 101 F There was great difficulty in sw'allowing 

Examinaiton — ’■\ complete phjsical and neurologic examination by Dr E L 
Armstrong showed that the heart and lungs were normal A slight enlargement 
of the spleen was noted, otherwise the results of the examination were negatne 
On Julj 27, all sjmptoms increased The throat became filled with stringy muco- 
pus, and a few' small grajish patches on the pharjnx appeared to be easih 
remo\able witliout bleeding The uvula was shghtlj sw'ollen Tlie genitalia were 
not iin oh ed There w as no pathologic process in the heart, and a few crepitant 
rales were heard m the lungs The temperature was 102 F to 104 F On July 28, 
at 4 a m , the heart became irregular and at 5 a m , the patient became comatose , 
she died at 9am 

Laboratory E^avintaltoa — On Julj 25 an examination of the urine show'ed a 
small amount of albumin, a trace of sugar, a great deal of diacetic acid, fine 
granular and a few epithelial casts and pus cells 

On Juh 26, the blood examination re\ealed erj throcj tes, 5,555,000 , hemaglobin, 
86 per cent, color index, 0 77, leukocj'tes, 660, Ijmphocjtes, 82 5 per cent, polj- 
morphoiiuclears 160 per cent, and basophils, 15 per cent The amount of non- 
protein nitrogen was 42 mg per hundred cubic centimeters of blood The 
Wassermann test was negative Culture and smears from the nose and throat 
showed abundant growth of mixed flora Smears from the mouth were normal 

Tests for Bacillus diphthcnac, Vincent’s bacillus and B pyocyancus vvere 
negative Blood examination made at 9 a m, July 27, revealed icterus index, 
160 per cent, leukocvdcs, 340, Ijmphocvtes, 92 per cent, polj morphonuclears, 
8 per cent Tests at 5 p m showed leukocjtes, 280, Ijmphocvtes, 94 per cent, 
and poh morphonuclears, 6 per cent Changes had not occurred in the urine 
Cultures from the nose and throat were negative for Bacillus diphihcnat, 
Vincent’s bacillus and B />vocvoiifiK A blood culture was negative 
\t 8 a m , Tuh 28, the Icukocvte count was 310 
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Ticatiiicut and Comse — Treatment apparently did not have any effect on the 
condition The first three days the throat was treated daily with 25 per cent silver 
nitrate and 10 per cent mercurochrome-220 soluble every three hours During 
the last three days, a mouth wash of 70 per cent alcohol was used every three 
hours A blood transfusion of 500 cc was given on July 27, a reaction did not 
occur 

Autopsy — Autopsy did not aid in the diagnosis A mild, cloudy swelling of 
the viscera Avas present The bone marrow was normal A pure culture of 
B coh-commums w'as obtained from blood of the heart and from the cervical 
l>mph nodes, the organism ivas probably an agonal invader Cultures from the 
throat after death shoived the same flora as before 

COMMENT 

The unusual featuies of this case weie (1) the histoiy of two 
previous attacks, (2) the extiemely low white blood count (210 pei 
hundred cubic centimeteis of blood), and (3) the fact that all viscera 
and the bone man ow were essentially noi inal 

The iiumbei of cases recently lepoited make it piobable that this 
condition has been ovei looked m the past and is moie common than 
would seem from the paucity of the repoi ts The diagnosis can be made 
certain only by the blood examination A maiked leukopenia with a 
relative increase of l 3 '’mphocytes is always piesent Other symptoms 
are variable The only case m which tieatment has been of any value 
IS the one reported by Finnegan He believes that the blood transfusion 
cured his patient A 70 pei cent alcohol gaigle has been lecommeiided 
on the theory that it is geimicidal for Bacillus pyocyaneus 

This report is gnen with the hope that this malady may be lecognized 
moie frequently and that eventually a satisfacloiy tieatment may be 
discoveied 


1920 Wilsliire Boulevard 



STUDIES IN ASTHMA 


II AN \N\L\SIS or TWO HTjNDRED AND THIRTEEN CASES 
IN WHICH THE PATIENTS WERE RELIEVED 
FOR MORE THAN TWO YEARS 

FRANCIS M RACKEMANN, AID 

BOSTON 

As I have recently suggested,^ the causes of asthma aie manifold and 
group tliemselves like the parts of a tree The mam trunk of the tree 
represents a fundamental basis \vhich may be called the “asthmatic state” 
and explains why some persons have asthma and others do not The 
roots of this tree represent the causes of the astlimatic state, but so fai 
only one root — that of inheritance — can be recognized Upward, the 
tree divides into tivo mam branches — the extrinsic and the intrinsic 
Both of these can be tiaced through numerous, subdivisions The extrin- 
sic branch divides into pollen, animal danders, domestic and other dusts 
foods and other substances, all of which are readily recognized Twigs 
on these smaller branches represent, of course, the particular pollens, the 
different animals, the different dusts, etc The mam mtnnsic branch 
IS likewise subdivided into groups of causes, chiefly “bacterial” and 
“reflex,” as outlined in recent papeis - 

Such a conception as this tree represents merely a working basis, 
and the theory suggests a number of questions for consideration When 
one speaks of “ragw^eed asthma” or “cat asthma,” does one imply merely 
that the person has inheiited or acquired a biologic hypersensitiveness to 
I agw'eed or to cats, and that the asthma which results from contact with 
ragi\eed or cats is a manifestation of this hj persensitiveness and that 
this alone can explain the entire situation^ On the other hand, should 
it not be recognized that asthma is a characteristic symptom-complex, and 
that m spite of its manifold causes, its essential mechanism is the same 
in each case^ Is it not reasonable perhaps to assume that the various 
substances which precipitate the attack in the patient are merely exciting 
causes and represent only the trigger mechanism which fires the attack 
but do not tell how or wh} the gun -was loaded? 

* From the Medical Ser\ices and Anaphjlaxis Clinic of the Massachusetts 
General Hospital 

* The expenses of this in\ cstigation were met b\ an anoinmous donation 
known as the “M G H Asthma Fund” 

1 Rackemann, F M \sthma, m Cecil, R L, and Kenned\, F Textbook 
of Alcdicme, Philadelphia, W B Saunders Companj, 1927, p 481 

2 Rackemann, F M Studies m Asthma 1 A Clinical Surv'cj of 1,074 
Patients with Asthma Followed for Two Years, J Lab & Clin Alcd 12 1185 
1927 
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In other words, can asthma be regarded merely as an expression of a 
changed immunologic reaction to vaiious foreign substances and should 
one not include the conception of a changed physiologic piocess which 
makes the new immunologic reaction possible ^ How else can one explain 
the fact that a small number of peisons become hypersensitive to rag- 
weed 01 to cats, when such an immense number of other people are 
exposed, apparently, to an equal extent, but never have trouble^ 

Many authois appear to assume that all asthma is of extimsic 
origin and that if the exact cause cannot be identified, the difficulty lies 
in their own faulty technic I maintain, howevei , that this point of view 
IS unnecessaiy, and I hope to show that m ceitam cases extrinsic causes 
can be excluded, and that the exciting cause (the triggei mechanism), 
as well as the fundamental cause, lies within the patient’s body 

To throw light on these various questions, a clinical study of asthma 
was undertaken on a pretentious scale The gioss results of this study 
have been published recently,^ with a classification of the patients and 
a statement of total end-results obtained by a follow-up of 1,074 patients 
with asthma who weie seen at the Massachusetts General Hospital and 
in pm^ate piactice prior to Jan 1, 1925, and who, theiefoie, have been 
followed for two years or moie 

These results include the repoits fiom 213 patients who maintain 
that they have been entirely free fiom asthma and without tieatment 
for at least two yeais, and who aie theiefore designated as “cured,” a 
word which is used for convenience, but always with skepticism 

A further analysis of these 213 “cuied” cases ought to thiow light on 
the method of “cure” and consequently on the mechanism of asthma It 
should show whethei “cure” was accomplished simply by i emoval of the 
“tugger” mechanism, which was therefore only temporary, or whethei 
It depended on a fundamental change in the physiologic and immunologic 
reactions Further, it should suggest the general nature of the “asth- 
matic state” so far as the method of "cure” would lule in or out such 
possibilities as an anatomic neive reflex between the nose and bionchi, 
some endociine imbalance or peihaps an obscuie chemical change 

Incidentally, it was anticipated that this particular study would 
demonstrate that the conception of a foieign piotein excitant is not 
always necessary, and that it is pioper to conceive that asthma has an 
exciting cause within the body , this cause is called “intrinsic ” 

With these thoughts in mind, the vaiious groups of “cuied” patients 
have been studied with several objects in view First, to lecall the clas- 
sification and the clinical pictuie of the patients at the tune of their first 
examination, over two years ago , second, to study the method of “cuie” , 
third, to analyze critically the extent of “cure” and fourth, to note the 
incidence of foci of infection and other lesions m the “cured” cases, 
partly to rule out these lesions as factors in the mechanism of the asthma 
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in the particulai case and parth to determine to what extent “cure” can 
obtain in the face of these lesions 

The accompan 3 nng chart shows the age at the time ot “cure” of these 
patients plotted against the age at onset The apparent method of 
“cure IS shown b\ the different symbols indicating elimination, operation 
and other factors as will be discussed “Cures” fall into all age groups, 
but are particular!} numerous among those wdio began to have asthma 
during childhood 



Mt-thocl ot cure in tvo iiundrcd and thirteen “cured’ patients 


The percentage relationship of the cases in which the patients were 
cured’ to the total number of cases is shown in table 1, which gives 
the figures in each decade of onset According to these figures, the 
change of “cure” apparent!} is not much greater w'hen asthma begins m 
one decade than when it begins m another, except for the better prog- 
nosis among those w ith an onset during the first decade Sixt} -fi\ e per 
cent of all children with asthma were bo}S, and bo}s formed 73 per cent 
of the ‘ cured' children , so that bo} s ha't e a greater chance of de\ eloping 
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asthma and also have a gi eater chance of lecovei}'' In othei teiins, 
30 per cent of 201 boys weie "cured,” while only 20 pei cent of 112 
gills weie "ciiied” In the latei decades, up to the sixth, the number 
of men and women was about the same, both m total iiumbeis and in 
"cined” cases 

These figuies fail to show aii} legulai relationship between "cine” 
and age or between "cuie” and sex, and suggest that since the occui- 
lence of "cure” m this senes is so evenly distributed, it is meiely 
incidental 

The 1 elation of "cuie” to classification is moie impoitant The 
methods of classification have been described m the first study and in 
that paper it was shown that 425, oi 40 per cent of the 1,074 patients 
had extrinsic asthma, while 499 or 46 per cent had intrinsic asthma , the 
lemainder being unclassified The "cured” patients foimed 25 pei cent 
of the extrinsic group, 18 pei cent of the intrinsic gioup and 10 per cent 
of the unclassified gioup 


Table 1 — Pcicenlagc Rclaiionslnp of the "Cuicd’" Cases to Total Cases 


Decade of onset 

0-9 

10-10 

20-29 

30-39 

40-49 

50-59 

00+ 

Total 

“Cured" patients 

SI 

29 

45 

32 

14 

8 

1 

213 

Males "cured" 

(>] 

13 

19 

18 

7 

2 

0 

115 

Percentage 

73% 

45% 

42% 

41% 

50% 

23% 

0% 

54% 

Total patients 

313 

100 

202 

183 

129 

59 

22 

1,074 

Total males 

201 

75 

82 

87 

78 

30 

14 

508 

Percentage 

Percentage of "cured" to total 

03% 

43% 

41% 

48% 

57% 

01% 

04% 

53% 

patients 

27% 

17% 

22% 

17% 

11% 

14% 

5% 

20% 


EXTRINSIC ASTHMA 

In the extimsic gioup, the "cuied” cases occmied among patients 
with various subclassifications of the disease, as shown in table 2 

Simple (Uninfected) Pollen Asthma — In this group of seventy 
cases, there weie thiiteen patients who weie “cuied ” These thiiteen cases 
included ten adults, varying fiom 22 to 57 yeais of age, and thiee chil- 
dien All had asthma which was limited to the pollen season and which 
was due to ragweed m seven cases, to grasses m thiee and to both lag- 
weed and grasses m three othei s The "cure” of patients with asthma 
was brought about in eight cases by treatment with ragweed which was 
combined with treatment with glass pollen m the thiee cases in which 
the patients were sensitive to glass Eveiy patient was treated duiing 
several successive seasons, usually four oi five, but two patients, aged 
43 and 23, weie tieated for only two yeais, however, they have not 
had asthma or hay-fevei since the last treatment, which was given five 
and eight years ago, lespectively Apparently, the lesult is permanent 
Four others repoit a complete lelief fiom asthma, but do not mention 
hay-fever Two of the eight patients tieated, however, still have some 
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sjmptoms of hay-fe\er and give positive skin reactions to ragweed, so 
that the}’- are not “cured ” 

In addition to the eight patients “cured” by injections, there were 
fi\e “cured” by other means One patient attributes his “cure” to a 
tonsillectomy, although two years previously he had had a senes of 
injections of grass pollen with good results that year, while in four 
instances a definite cause for “cure” was not apparent Two of these 
four patients had previously had several series of injections of pollen 
extract followed by some improvement One of these patients, a man 
aged 22, who had had asthma all of his life, gave positive reactions to 

TABii. 2 — Classification of 213 “Cuicd” Cases Shozoing the Method of "Cnte" 


Method of “Cure” 


'niiDi- 

Clinicnl Classification nation 

Injec 

tions 

Drugs 

Opera- 

tions 

Hy- Miscel- 
gicnc laneous “ 

Total 

'Cured” 

Grand 

Total 

eentage 

“Cured” 

Pollen asthma 

0 

S 

0 

1 

0 

4 

13 

70 

19 

Infected pollen asthma 

0 

2 

0 

0 

1 

2 

5 

39 

13 

Summer asthma, negative 
tests 

1 

0 

0 

0 

2 

7 

10 

32 

31 

Inimal asthma 

10 

3 

0 

0 

1 

2 

22 

60 

37 

Infected animal asthma 

0 

0 

0 

0 

0 

0 

0 

13 

0 

Mixed and unidentified 

16 

1 

0 

0 

0 

5 

22 

121 

IS 

Mixed and unidentified trith 
negative tests 

10 

0 

0 

0 

1 

1 

IS 

37 

49 

extrinsic specials 

9 

3 

0 

0 

2 

3 

17 

53 

32 

Total extnnsic cases 

3S 

17 

0 

1 

7 

21 

107 

423 

23 

Bacterial asthma 

1 

0 

5 

O 

3 

8 

25 

20^ 

12 

Bacterial asthma in children 

1 

2 

0 

0 

13 

10 

34 

90 

38 

Reflex asthma, not nose and 
throat 

0 

1 

0 

4 

7 

6 

IS 

GO 

27 

Reflex asthma, nose and 
throat onlj 

0 

0 

0 

9 

0 

1 

10 

40 

23 

Cardiac asthma 

0 

0 

1 

0 

0 

0 

1 

00 

2 

Bronchitis and emphysema 

0 

0 

1 

0 

1 

1 

3 

43 

7 








— . 

. ■ .. 

■ , ■ - 

Total intnnsic cases 

2 

9 

7 

13 

20 

32 

91 

499 

IS 

Unclassified asthma 

o 

0 

4 

0 

0 

9 

13 

130 

10 



— 





— - 

■■■■.. 

■ , 

Grand total 

02 

20 

11 

10 

33 

G5 

213 

1,074 

20 


skin tests vith ragweed injected intradermally He was treated with 
lagweed extract and was greatly improved After two years of super- 
\ision, he was lost track of, and on returning after an interim of five 
}ears vnthout treatment, he gave negative reactions to pollens by 
scratch test At this time, he was having attacks of asthma infrequently, 
and ne\er se\erel}, as before treatment Although he was not treated 
for asthma, tvo jears later this condition disappeared and he has 
not had a return of s} mptoms during the three } ears since then 

Lesions in the nose and throat were found in three of the thirteen 
patients the tonsils being a focus of infection in two and the antrum in 
the third One of the patients has been mentioned as being “cured” b} 
operation, and the other two ha^e become s}mptom-free in spite of the 
fact that the} had not been treated for this condition, which suggests 
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that the focus as found was acute and self-limited instead of chionic 
and peisistent, in any case, it had nothing to do with the symptoms 

Infected Pollen Asthma — The fact that m this gioup of thirty-nine 
patients only five weie “cured” illustiates the obstacle which secondary 
infection puts in the way of successful treatment The five patients 
wei e all adults “cured” at or bef oi e the age of 40 Tin ee were sensitive 
to lagweed, the fourth to grasses and the fifth to both Three of the 
patients were treated with pollen extiacts, two were “cured” by this 
alone, while the third was not completely lelieved until her bad teeth weie 
extracted Of the two patients not tieated with pollen extracts, one, a 
woman, aged 34, still has hay-fever, but she has not had asthma since 
resection of her nasal septum, thiee years ago The other, a boy now 
19 years of age, “outgrew” his tiouble coincident with marked improve- 
ment in his general health at the age of 17, two yeais ago He has lived 
m the same house all his life 

Summer Asthma with Negative Tests — ^Thirty-two patients weie 
included m this group, ten of whom were “cured,” ten were impioved, 
ten remained in the same condition and two died The diagnosis, uncon- 
firmed by any tests, was based solely on the history of asthma limited to 
the summer months In the whole group, only 10 per cent of the patients 
had a positive family history in contrast to the figure of 47 per cent foi 
all extrinsic cases, curiously, this 10 per cent included only one of the 
ten “cured” patients 

Five of these ten “cured” patients were healthy adults, and five were 
children with asthma of only a few years’ duration and limited entirely 
to the summer months 

The results of the physical examination were noimal foi all except 
one child who had a barrel-shaped chest, a roentgenogiam showed 
increased shadows of the hilum Three patients, one adult and two 
children, had a focus of infection in the tonsils, one was operated on 
with temporary relief and one without improvement 

The method of “cure” vaiied Two of the childien had their tonsils 
removed and also received hydriodic acid, which was given to two others 
together with a vaccine Three adults also received iodides, with vaccine 
in one instance These seven cases are described as miscellaneous 
because the method of “cure” was so uncertain One of the children 
did not receive any treatment other than general directions for rest 
and a more regular dietaiy, and this “cure” by such impioved hygiene 
was duplicated by one of the adults who likewise was not given any othei 
treatment The “cure” in one of the adults is credited to “elimination,” 
because although the patient received iodides, one cannot be sure that 
the change in address was not important; perhaps her case should be 
listed in the unidentified group, in spite of the seasonal character of 
her attacks 
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1 he duration ot cure ’ in the ten patients has been from two to f^^e 
}ears, in onl} tw'O cases has it followed a change in environment, which 
might impl) an escape from some offending pollen not included in the 
tests 

Ammal Asthma — Animal asthma of the simple type offers the best 
piognosis of any important subgroup Of a total of sixty, tw'enty-tw'o 
patients were “cured’’ and thirt)-two w^eie lmpro^ed In the group of 
twent}-tw'o ‘cured” patients, sensitiveness was manifested tow^ard cats 
in clecen cases, tow-ard horses in six, toward dogs in tw'O, tow^ard labbits 
and guinea-pigs in one and toward a combination of tw'O or more animals 
m the remaining tw^o instances 

Specific treatment wuth the corresponding animal dander w^as 
attempted m secen adults, but the “cure” w'as attiibuted to the treat- 
ment in onl}' tw'O cases of hoise asthma and in the one case of rabbit 
and gumea-pig asthma The histoiy of the latter patient has been pub- 
lished in detail ® Tow'ard the end of the treatment, each of these three 
patients could tolerate exposui e to the particular animal without develop- 
ing scmptoms, and the three have been free from asthma for ten, foui 
and two }ears, respectnel} In sixteen othei cases, the animal itself 
was eliminated, usually after treatment had failed, and this elimination 
was obviously the eftectne method of “cure ” Three additional patients 
I^a^e become free fiom asthma without reference to the specific skin 
tests found One of these w'as a school boy, aged 11, thin and sickl}, 
who ga\e good reactions to test wnth cat hair, hoise dander and feathers 
Wiien taken out of boarding school and left at home, he improved 
rcmarkabh and has not had asthma during the past four years , he has 
gone back to school His sensitiveness to animals w'as undoubtedly the 
exciting cause of the asthma, as showm b} his prompt improvement at 
home, but his low' vitalit} and chronic fatigue w'ere perhaps of funda- 
mental importance Two men sensitive to horse hair do not know how' 
they became s} mptom-free One, w'ho w'as formerly extremely sensitive, 
has not exposed himself to horses and now is free from asthma The 
other IS a hostler who is still at w'ork and without s}mptoms The last 
man ga\c a histor} of asthma during late August and September and 
frequently dm mg the winter, but he did not react to skin tests with 
ragw eed The diagnosis w'as made by the slight test to horse dander in 
consideration of his occupation 

A focus of infection w'as found in the nose and throat in onh one 
of the tw ent\ -tw o asthmatic persons w'ho w'ere sensitive to animals This 
patient had recened se\eral doses of cat hair extract and also had had 
her tonsils remo\ed Relief from asthma did not occur, how'ever, until 
some time after this treatment, w'hen the cat w'as eliminated For the 
past tw o } ears she has not had ain trouble 

3 ■Rackermnn, T M Asthma M Clin North America 7 765, 1923 
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Repetition o£ skin tests since the “cure” was established has been 
accomplished in only thiee of these patients, and in all of them the 
reaction was still positive, so that obviousl} the fact of ‘‘cuie,” in a 
literal sense, is open to giave question 

^Vhlle positive reactions to skin tests with animal dusts usually 
indicate a hypersensitiveness which is clinically important and thus lead 
to the relief from asthma by the elimination of the paiticulai animal, 
these tests are occasionally misleading so fai as the con esponding animal 
IS of no clinical importance, whatever the cause of disease, the patient 
can be successfully tieated without legard to the hypei sensitiveness 
suggested As will be discussed latei, such tests ma}'- indicate past 
history rather than present illness 

\\'hen infection occuried with animal asthma, not one of the thiiteen 
patients in this senes was “cured ” 

EvUtnsic Ml 'led and Unidentified Cases ivith Positive Skin Reactions, 
— There is another consideiable subgioup of extiinsic asthma The 
twent} -two “cui ed ’ patients in this gi oup repi esent 18 pei cent of the 
total 121 patients with mixed and unidentified types of asthma who gave 
positive skin reactions 

All of the patients reacted to several different extracts, most of which 
were extracts of diffeient house dusts or house dusts in combination with 
other substances Seven patients had hay-fever as well as asthma Two 
gave a history of eczema during infancy, and one had hives after eating 
pickles or nuts oi after drinking Avine Only seven had a positive family 
history 

Of these twenty-two patients, sixteen weie “cuied” by a change of 
environment Although ten of them had been tieated by the extracts 
indicated, with good temporary results, an absolute freedom fiom symp- 
toms was not acquired b}’’ any of them until, by change m residence, the 
patient escaped fiom some unidentified dust which was the exciting 
cause of the condition These patients weie all young adults who were 
“cured” at or before the age of 40, with the exception of one child, a 
boy, aged 12, who gave positive skin leactions to tests with house dusts 
and feathers, and who had symptoms only when visiting certain farm 
houses during his summer vacations He was “cured” by following the 
advice to keep away from these old farm bouses r Five yeais latei, 
when he returned to the clinic in answer to a follow-up letter, he was 
tested again with house dusts, feathers, animal dusts and other sub- 
stances , the results were negative 

There were six other patients in this unidentified gioup whose 
method of “cure” is hard to define One gave positive skin reactions to 
house dusts and to animals and was treated with these extracts with 
good results She also had several bad teeth and some clouding of one 
antrum Soon after the extraction of her teeth the antrum cleared up, 
and she became free from asthma The second patient, a young man. 
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^\ho ga\e strongly positne leactions to tests ^\lth mattress hair and house 
dusts, had round shoulders, a prominent abdomen a flat chest full of 
wheezy rales and a traumatic obstruction of his nose He was advised 
to discard his hair mattress, to take regular exeicise and regular rest, to 
ha\e his nose straightened and to take benzyl benzoate By one, or all 
of these methods of treatment, he has become free from asthma, although 
he still Ines in the same house and in the same environment In the 
third case, a child, aged 9 years, whose asthma began at the age of 2, and 
who gave positive skin reactions to tests with food and house dusts, the 
“cure” IS attributed to an acute pulmonar)- infection, because he has 
been free from asthma for eight years following an attack of whooping 
cough which occurred several months after his first visit to the clinic 
The fourth patient, a man, aged 42, gave positive skin reactions to tests 
with epidermal dusts and also house dusts , he also had a history of cor}fza 
after contact ivith dogs Strange to say, his skin reactions, although posi- 
tive to tests with cats and feathers, were negative to those with dog hair 
This man was obese, and his chest was filled with mucous rales He was 
advised to avoid animals and was given eight injections of a stock hemo- 
lytic streptococcus vaccine About a year later, he returned with a cold, 
but he did not have asthma at that time nor during the two years inter- 
vening since then One of the two lemaining patients (both adults) 
was given injections of the pollen to which he reacted, without apparent 
benefit He did not return for further treatment, but about a year later 
the asthma ceased for no apparent reason, and he has remained symptom- 
free for the intervening four years The last patient also gave positive 
skin reactions to tests with house dusts, animals and feathers He 
became free from symptoms, although this was not effected by a change 
in residence or by any particular avoidance of animals or feathers, he 
was given a series of stock vaccines, with good results, which may have 
helped in a general way 

A focus of infection in the sinuses was found in seven of the twenty- 
two patients, and two were operated on with improvement A focus in 
the tonsils vv as found in three patients, but operation was advised in only 
one There were two patients with abscessed teeth, and both were 
improved following extraction of the teeth 

In this group, then, change in environment resulted in complete 
relief from asthma in sixteen of the twenty-two cases Treatment with 
house dust extracts or with other substances to which the patients 
reacted vv hen skin tests vv ere made, brought about “cure” in only one case 
Wlule the patients in three of the remaining five cases vv ere treated, this 
treatment cannot be credited with the “cure” which could in each case 
be better explained in another way 

Exirinsic MiAcd and Unidentified Cases with Negative Skin Reac- 
— An additional subgroup of tlurtv-seven patients includes eighteen 
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“cured” patients — a high propoition (The diagnosis in the other 
nineteen was made because the asthma also bore a definite relation to 
environment Most of the patients are now improved, but a few othei s 
still have asthma because they have returned to the old suiioundmgs ) 
These patients present the same clinical picture as those in the preceding 
group, except that then skin tests, by the intradeimal method and often 
by the sciatch method as well, weie negative or so slightly positive that 
they weie disiegarded 

Only tliiee patients had manifestations of hypei sensitiveness otiiei 
than asthma , tivo had hay-f evei and one, urticai la There was a positive 
family histoiy in only six instances 

Of the eighteen “cured” patients, fourteen have been relieved of 
their asthma since they changed their lesidence, m spite of the fact that 
none of them gave the slightest reaction to skin tests with dusts One 
boy, aged IS, was “cured” when the carpet m his room was changed, 
“on general principles”, in spite of the negative leaction to skin tests, 
this boy was evidently hypersensitive to some foreign substance 
associated with that caipet A baker, who associated his asthma 
definitely with the use of floui, but who gave entirely negative reactions 
to tests with wheat and other cereals, was improved by doses of extiact 
and finally entiiely relle^ed by changing his work so as to avoid wheat 
as a dust In the remaining two cases, one patient was a giil, aged 13, 
whose asthma occurred only when she went to the family’s summer 
home at the seashore Advice in regard to cleaning and airing the house 
thoroughly, in addition to instructions for general hygiene (she was a 
thin, frail child) were followed by a “cure ” In the other case, that 
of a child, aged 5, the “cure” cannot be definitely attributed to a change 
of environment, because this change followed soon after a senes of 
injections of autogenous vaccine, which was already helping the patient 
The extrinsic factor cannot be excluded, but neither can it be given full 
credit 

A focus of infection in the nose and throat was found in six of the 
eighteen patients The sinuses were dull in foui patients, and the tonsils 
were infected in three Although operations were advised in several 
cases, they were never performed, except that in one case the patient had 
a nasal cauterization, which helped somewhat but did not effect the 
“cure ” Abscessed teeth were not found 

Extnnstc Specials — ^The teim applies to an interesting group of 
fifty-three patients known to be hypersensitive to some definite sub- 
stance contained in the food or m the environmental dust Industrial 
cases belong in this group In spite of known etiology, only seventeen 
of these patients have been “cuied ” In eleven of them the cause of 
asthma was food , in six others, it was a dust 
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The elcNen cases in which the patients ^\ere sensitnc to food include 
eight children, four of whom were poisoned In eggs, two b\ fish, one b) 
wdieat as bread and, finall>, an infant, who w^as so sensitne to cowl’s milk 
that a few drops would cause sw'elhng of the mouth, vomiting and 
urticaria, and yet whose reactions to skin tests, in spite of this high 
degree of sensitiveness, have never been large One of the patients 
sensitne to egg was a boy, aged 16, wdio had been extremely sensitive to 
eggs and nuts since mfanc} His case is of interest because he presented 
a picture of hypopituitarism, and because he has been immensel> 
improved by the feeding of an extract of anterior pituitary He has not 
had asthma since egg w'as eliminated from his food In the group of 
patients sensitive to food are also three adults , two are wmmen, aged 40 
and 38, who became hypersensitne to foods at the ages of 19 and 33, 
respectnely Both ha\e remained free from asthma, one for three and 
the other for se\en years, since the offending foods (m one case celeiy, 
nuts and fish, in the other case, wdieat and oats) were eliminated from 
their diet The third w'as a student, aged 22, who since infancy had 
had asthma caused by eggs, and w'ho was so sensitive that it was neces- 
sarj for him to w'atch lus diet wnth greatest care He was “cured” by a 
series of twenty-seien hypodermic injections of increasing quantities of 
egg-wdiite in watery solution 

The degiee of “cure” in these food cases is not perfect Although 
the student just referred to has not had any treatment for two years 
and now eats an egg for bieakfast every day and is no longer troubled 
b} cake and puddings, his test to egg-white is still positive The two 
w omen, howe\ er, do not dare to change their diet, although one regards 
herself as “one of the wonders of the w^orld” and the other has “for- 
gotten I e^er had asthma ” One of the eight children still gi\es positive 
reactions to skin tests with eggs, the reaction to the scratch test being 
as large as it was se\en \ears ago, nevertheless, the child eats eggs 
without difficulty Tw^o other childien w'ho were sensitive to eggs are 
eating eggs without trouble, but the two who were sensitive to fish still 
hesitate to indulge in this food, although the> are free from asthma 
The child who w'as sensitne to milk is now' drinking 24 ounces of cow’s 
milk each day The bo} w ho w as sensitive to wheat has recovered from 
his asthma after a^ oidmg bread for a } ear and a half , the boy wuth 
pituitarj djsfunction also eats e\er3' kind of food and is well 

From this it appears that positne reactions to skin tests can occur 
w'lthout any i elation to the sjmptoms or lack of sjmptoms On the 
other hand, the positn e tests m these cases agree closely w ith the symp- 
toms obser\ ed during infancy and childhood , consequently, it is obvious 
that the) sen'e merely as a record of past experience and are without 
bearing on the present condition This is entirely in accord with the 
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obsen-ations of 2^Iackenzie^ on bacterial In persensitiveness as nell as 
with the well knonn dependence of a positive tuberculin reaction found 
in adult life on a pnniar}- infection in childhood 

The six cases in which the patients were sensitne to dust include 
two children and tw*o adults who haie not had asthma since they dis- 
carded tlieir featlier pillow s The fifth case is that of a grocer w ho w^as 
sensitne to hops and malt and who has been ‘cured by injections of 
malt extract He is still at work in the same place Finally, a house- 
wnfe aged 32 has not had asthma since a senes of treatments with 
orns power extract, to which she gave good skin reactions 

Coh^nicnt Oil Exirmstc Asthma — ^The results as outlined bring out 
clearly tliat in most of these cases “cure has been accomplished b\ 
remoi-al or treatment of the trigger mechanism which fired the attack 
Endence concerning the pennanency of the results is conflicting While 
certain patients can return to the old eniironment or the old diet after a 
lapse of time and remain free from asthma an equal or greater number 
remain hj-persensitive. and snnptoms return wnth repeated exposure 

In this last group it is obnous tliat the “cure ’ is merely temporar} 
and that, although the tngger mai ha\ e been disconnected for a time the 
gun remains loaded In the other group howei er there is endence not 
only that the tngger mechanism has been remoied but that the load in 
the gun has been modified 

\Miat relation do these cases bear to the loung patients who have 
outgrown ' their astluna ' Does the material suggest any factors which 
may be common to all wath a permanent “cure ’ This subject will be 
discussed at the end of the paper 

IXTRIXSIC ASTHMA 

Intrinsic asthma is more difficult to analyze Indeed, the existence 
of such a ti^pe has been ignored bi tliose authors who imply that every 
case of asthma depends on a In persensitii eness of the patient to some 
foreign substance which may be unidentified either because the \anet} 
of test substances is not sufficient!} extensive or because tlie technic is 
not suffiaently perfected Such an attitude is not wathout reason 

The lariet} of test substances has been increased by the attention 
called to house dust bi Cooke and to various fungi and molds by 
Van Leeuw en ® and pin sicians in every large clinic are constantly identi- 

~ MacKenrie G M and Hangar H M Jr A Study of persensitn e- 
ness to Derhatnes of HemoMic and Xon-Heraoh tic Streptococcus Proc Soc 
E\per Biol & Med 21:542 1924 

5 Cooke Robert A Xew Etiologic Factors m Bronchial Asthma J Immu- 
nol 7 1922 

6 Van Leeuw en Storm Bien Z and Varekamp H Xeuere Erfahrungen 
fiber Diagnose und Therapie ion Feberempfindhchkeitskrankheiten (allergische 
Krankheitenl Ztsclir f Immumtatsforsdi u exper Therap 37.77 1923 
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i}ing \arious dusts met with in industnes as materials to which the 
persons exposed will de^elop h\ persensiti\ eness and S3mptoms The 
large number of pollens %\hich Duke* and Rowe® ha^e identified as 
causes of ha}-fe\er is being extended b} man\’’ other workers This 
improied technic has made it possible to show that certain patients 
tormerh classed as having intrinsic or an unidentified tjpe of asthma 
ha\e extnnsic asthma and are hj-persensitn e to a preiioush 
unrecognized cause 

In addition to tins improied technic there are other reasons for 
considering an extrinsic cause in man}- persons who gne negatne 
reachons to skin tests Chief among these is tlie fact of relief from 
simptoms when the patient mmes from one emironment to another 
although reactions to skin tests with a wide i-ariety of substances are 
entire!} negative This in tuni suggests that a patient may hai e a clinical 
h}-persensitr\ eness, confirmed b} relief from S}mptoms when the cause 
is withdrawn, without gning positne reactions to skin tests Such a 
conception would be of the utmost importance, but so far it cannot be 
pi o\ ed On the other hand I belie\ e, as outlined in a previous article - 
that the clinical anal} sis of a certain number of patients leads to the 
logical conclusion that the cause of asthma in them must be intrinsic 
ratlier tlian extnnsic 

111 the following discussion of the cases in the intrinsic group a 
few- patients w ith positn e reactions to skin tests ha\ e been included, but 
as will be seen a stud} of the histor}’’ and environment has failed to 
show am relation between the s}mptoms and the particular substance 
with which tlie test was made In this connection, it has already been 
pointed out in discussing food asthma that positiie reactions to skin 
tests nia} represent past history ratlier than present illness 

The division of patients with intrinsic asthma into subgroups is difficult 
It 15 eas} to concene of asthma dependent on infections of the larger 
bronchi and to designate these patients as hanng “bacterial asthma ” It 
is easy to distinguish a second large group in which tlie cause is in the 
body but outside of the bronchopulmonar}^ tree and to assume that 
asthma is a reflex effect of some stimulus arising from this extrabronchial 
source Both these conceptions serie simpl} as working hipotheses 
and are w'lthout a basis of expenmental proof In spite of this, the 
classification is useful because t}pical cases m the bacterial and in the 
reflex groups can be recognized chnicalh, and it is important to stud} 
them further m order to determine whether a total disregard of extrinsic 
factors is justified b} the clinical cMdence at hand \\'hen, howe\er a 

7 Duke, W W Asthma Haj-Fe^er, Urticaria and Allied Manifestation' 
01 Allerg>, St Louis C V Most} Companj 1923 

S Rov c, A H Pollen Counts in the East Baj Region ith Studies on the 
Morpholog} of Pollen Read before the American Soaetj for the Stud\ of 
\sthma at Washington D C , iNfaj 16 1927 to be published 
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patient appeals to have a bacteiial asthma and at the same time is found 
to impiove aftei the removal of a focus of infection, his classification 
becomes difficult and unsatisfactory 

The group of bacteiial asthma is the most important and chaiacteiistic 
of intrinsic asthma For convenience, the fifty-nine “cured” patients 
have been separated into twent 3 '--five adults and thirty-four childien 
(table 2) 

The typical patient has had asthma since an eaily age This asthma 
usually began after an acute infection of the respiratory tract and has 
occurred in well defined attacks since the onset, each lasting from one 
to four weeks m the fall, winter and spring, but rarely in summer These 
attacks occur without change m environment or occupation and often 
begin with “a cold ” They occur at first only in the fall and spring, 
but later become more frequent, so that the interval between may be 
shortened to one or turn weeks Nevertheless, the interval exists, and in 
It the patient is free from cough and asthma and is essentially well in 
the same enviionment while leading his regular life The mteival is 
important, particularly when the conditions are the same, because it 
argues against any constant extrinsic factor It is true that patients with 
typical extrinsic asthma have intervals between their attacks, but analysis 
will show that these experiences are always directly associated with the 
particular exciting cause Reactions to skin tests in the group, as a 
rule, are negative to the common dust substances by the intradermal 
method 

Among the twenty-five “cured” adults the onset of asthma was, for 
the most part, between the ages of 20 and 40, though one patient, aged 26, 
developed it at the age of 8 and six others during their teens, five of 
whom were not 20 at the time of examination 

A story of an acute infection of the respiratory tract rmmediately 
preceding the original attack of asthma was obtained in only ten patients 
Two other cases are of particular interest and suggest the possibility 
that chronic as well as recurrent infection may lead to asthma One 
patient, a giil aged 20, had had several attacks of pneumonia during 
childhood and had had a running ear since the last attack twelve years 
ago Asthma began at the age of 19, in Novembei, after she had had 
a peisistent cold, during the preceding winter she had had a cough 
When examined at the age of 20, she was thin and pale Coaise musical 
rales were found at the bases of the lung, but the apexes were clear She 
recovered from hei asthma at the age of 21, following tonsillectomy, 
five years later, at the time this article was written, she stated that she 
has one or two bad colds each winter, but that slie has not had asthma 

The second patient, a girl, aged 26, weighing 97 pounds (44 Kg ) , 
had had osteomyelitis of the femui since the age of 9 She had her first 
attack of asthma at the age of 24, following a cold in October The 
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second attack occurred the next }ear, in Noa ember, and the third the 
following October, just before she was examined in the clinic The cul- 
ture of sputum shoived a hemolj^tic streptococcus in predominance, and 
a \accine of this organism was guen that winter (1923) She has not 
had asthma since then 

The extent of “cure” is shown b}' the fact that in eleien cases fi\e 
) ears have elapsed since the last attack of asthma , in fi\ e cases, four 
} ears , in five cases, three j eai s, and m three cases, tw o > ears, and onh 
file of the tivent}-four patients mention the presence of colds in their 
follow-up letters 

The reactions to skin tests weie positive in foui patients, but ivcre 
not of ani clinical importance 

The method of “cure” is almost impossible to identify because these 
weie all difficult cases, and many methods of treatment were applied 
Vaccmes were used in eight of the tw'enty-fi\e patients and w'^ere appar- 
ently responsible for the “cure” in six Diugs are given the credit in 
five patients ( Potassium iodide in tw'^o, benzyl benzoate in one, emetine 
hydrochloride, subcutaneouslj'^, in one and a patent medicine in another ) 
Elimination has brought freedom from symptoms in one, and a change 
in residence has completed the “cure” stai ted by potassium iodide The 
remaining “cures” in thiiteen patients cannot be explained Foi 
example A man, aged 44, who had had asthma in typical attacks since 
he had had influenza in 1918, and wdio had a bai rel-shaped chest and 
thick yellow^ sputum, “has ne\er been bothered wnth asthma” since gastio- 
enterostomy foi ulcer at the age of 48, three years ago 

A w^oman, aged 34, wdiose asthma began with a cold m May, a few 
months preiious to her first examination, came to the hospital onl) 
once and did not receive treatment, howe\er, she has not had asthma 
since a se\ere attack of influenza at the age of 36, nine years ago 

A thin nei\ous business man aged 48, wdio had had two attacks ol 
asthma each year since the age of 21, w'as tested in a routine mannei 
b\ the intradermal method and has not had asthma since that time 

o' 

se\en yeais ago Incidentally^ the reactions to these tests w'ere entire!} 
negative, and his bad teeth ha^ e not been extracted 

A Jewush attorney, aged 39, wdio had had attacks of asthma following 
colds since the age of 34, has been entirely' w ell since the correction of his 
constipation and the institution of daily exercise His “cure” is ascribed 
to this impro\ ed hy giene 

In addition to the tw'enty-fiAe adults, there w'ere thirty-four “cured 
children w’lth 'bacterial asthma,’ twenty-five boys and nine girls The 
age of onset was under 5 years in eighteen, and betw'een 5 and 10 m 
sixteen This onset occurred immediately after colds or bronchitis in 
sixteen instances, in se\en of which the preceding illness w'as sudden 
and se\ere (pneumonia in three whooping cough in one and a bad cold 
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in three otheis) Another patient dates the onset fiom tonsillectomy at 
the age of 3 years 

The physical condition of these childien at the time of examination 
vaiied Such notes as “undernourished,” “pale and thin” and “poorly 
developed” appear in the records of fifteen, but a bai rel-shaped chest 
with emphysematous lungs was noted only once — in a boy, aged 12, who 
had had attacks of asthma which occuired eveiy few weeks throughout 
the year since the age of 7 

Diseased tonsils had alieady been remoied m fifteen childien, and 
thiee others showed infected tonsils at the time of examination A 
tonsillectomy was perfoimed in one case 

Evidence of sinusitis, with dulness of the antrums on transillumma- 
tion or on examination b} the loentgen ray, was found in five 
patients, all in then early teens, but diainage was not advised oi 
attempted, the appaient method of “cure” was improving of the hygiene, 
although one boy, aged 13, was given a vaccine made from the staphylo- 
coccus found in his nose This boy is now a mile lunner on a university 
track team 

Eczema was mentioned in the past oi piesent history of five of these 
children, one of whom gave a good reaction to tests with several ceieals, 
including buckwheat, wheat and oats Two othei children had had 
urticaria, one of them after eating strawberiies 

Skin tests, by the scratch method, using the common food and dust 
substances, weie made on all but four of these “cured” children In 
addition to the child sensitive to ceieals, three others gave positue 
reactions to skin tests , one to wheat, one to f eathei s and one to animals — 
the last child, however, was nevei exposed to animals, and the method of 
his “cure” cannot be defined, although he has been undei the constant 
supervision of an excellent practitioner 

The family history of thirteen childien was positive, including four 
childien with other allergy 

The permanency of “cure” in these childien can only be suimised 
Suffice It to say that seven have been free from asthma foi five years or 
more, seven for four years, six foi three years and fourteen for two 
years It is interesting that of the seven children free for five yeais, the 
method of “cure” in four consisted solely of measuies to impiove 
the general condition and hygiene None of these children had had aii}- 
treatment by injections of vaccine or other substances, and reactions to 
skin tests were negative in all except m the case of the child with eczema 
who was sensitive to cereals, previously mentioned Cuiiously enough, 
this particular group of seven children includes five of the other seven 
children with either eczema or urticaria 

In the entire group of thirt}-four children, fifteen were “cured” by 
“general hygiene” without other measures and particularly without atten- 
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tion to foreign proteins None of the fifteen had changed his address 
before the cure” took place Ten of the fifteen weie undernourished, 
eak children, and the other five had bad habits of diet, rest and exercise' 
In one case, the mother writes that she has discovered that asthma 
was due to eggs and apples, and that since her son has omitted them from 
his diet, he has not had any further trouble This relation to certain 
foods ivas noted before the examination and tests wnth active extracts 
■were made on two different occasions, but the results were always nega- 
tive Incidentally, the boy was gnen four doses of a stock vaccine 
and had his tonsils removed, after wduch he w'as much improved His 
“cure,” however, did not begin until about four years after the time of 
observation The relation to eggs and apples w^as evidently not extreme!} 
close, but the data in table 2 show^ the “cure” by elimination 

Tw'O children were “cured” by vaccine, stock and autogenous, respec- 
tively While it appears that this treatment w'as important, a comparison 
wuth other cases, particularly in the hygiene group, clearly shows the 
fallacy of claiming too much for any method 

Finally, there are sixteen children w'hose “cure” cannot be attributed 
to any one particular method Foi example, a child, aged 10, wdiose 
father w'as asthmatic, had had eczema as an infant and attacks of 
bronchitis at the age of 4 In spite of tonsillectomy at the age of 6, 
attacks of bronchitis recurred but asthma did not develop until he was 
9, when the attacks w^ere rather continuous from December to June 
Reactions to skin tests, by both scratch and intradermal methods, w'ere 
negative He did not receive any treatment The father wmites tliat the 
attacks diminished in frequency and se\ erity until the}' ceased at the age 
of 12 The boy is now 17 years of age 

Comment on Bacteua Asthma — The analysis of the cases of these 
patients wnth bacterial asthma w'ho haA'e been “cured” leads to a number 
of obser\ations 

Bacterial asthma as a diagnosis is adequate, since the theory of 
recuirent infections of the respiratory tract as a cause of asthma fits 
the clinical picture better than any other conception wduch can be con- 
sidered at present The clinical histor}^ presented by most of these 
patients is sufficient to rule out the causatne factors dependent on 
h} persensitiveness to a foreign protein 

The method of “cure” does not suggest any underlying mechanism 
which IS common to a majonty of these patients, but it emphasizes tAvo 
important points 1 General adA ice based on a common sense effort to 
improAe the general bodily condition — referred to here as “hygiene” — 
IS of great importance especial!} in children and makes man} of these 
patients amenable to treatment by an} physician and AAnthout special 
equipment 2 The tendency of children to outgrow their susceptibiht} 
to infections of the respiratory tract is definite 
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Reflex Asthma — The term reflex asthma indicates that climcall}’' the 
cause of the asthma is based on a focus of infection in the body or on 
the faulty function of one or another organ Table 2 indicates that in a 
total of 106, twenty-eight patients were “cured ” These twenty-eight 
have been dn ided into those whose asthma was definitely attributed to a 
focus of infection in the nose and throat and those whose asthma was 
not attiibuted to this cause The twenty-eight cases include eight chil- 
dren and twenty adults, both age groups including some patients with 
pathologic changes in the nose and throat 

Eighteen patients were “cured” of asthma which was designated as 
reflex from some source other than fiom the nose and throat Six of 
these were children, all of whom were in poor general condition In four 
of them asthma had been constantly present for from one to three 3 '’ears 
before examination, while in the two others, it had occuired in fairly 
definite attacks which were worse during the wintei The last two are, 
of course, analogous to the cases of bacterial asthma in children alieadj 
mentioned, but they were originally placed in this leflex group because 
the immediate lesults of impioving the general bodily hygiene, with 
directions foi regulation of diet, rest and exercise were so striking 
“H)^giene” accounts for the “cure” in all six patients, although three 
are listed as miscellaneous “cures” because one child had had vaccine 
treatment , another dates his “cure” from an attack of bronchopneumonia 
seven years ago, as since then his general condition has improved to a 
remarkable degree, and a third child, aged 11, not relieved by tonsil- 
lectomy at the time of examination, has not had asthma since an appen- 
dectom}^ five years ago, two years after his first visit to the clinic 
Possibly, too, his slightly positive skin test to potato may have been 
important 

Only two of these children had a positive family histoiy 
A focus of infection was found in three childien — two tonsils and 
one sinus — ^but as appropriate treatment did not help them, these foci 
were disregarded 

The twelve adults varied in age from 16 to 62, and asthma was not 
developed before the age of 25, except m the two 3 '-ounger patients The 
histones of these patients were atypical, as none of them told of cleai-cut 
attacks characteristic of bacterial asthma Reactions to skin tests were 
negative in all, two had changed their address, without causing any 
change in s 3 TOptoms 

“Hygiene” was the method of “cure” in four of these adults who 
were advised to drink less tea, to eat more lunch, to lie down at noon- 
time and to eat foods containing less carbohydiates and fats, respectively 
Operative treatment accounts for four more, a man, aged 45, and 
another, aged 55, have not had asthma since the lemoval of bad teeth, 
a woman, now 45, has been free fiom asthma for seven years, since her 



^< 5 -^ .IRCHU LS OF 1\1LR\AL MLDICIM 

^^^]lsto^eb were rcnio\ccI when she wab 38 Ncars old and finall}, a man, 
aged 62, w ho had a choleq stectonn has not had asthma since the opera- 
tion was performed two }ears ago 

fn tom i>atients, the method ot “eure*’ is unidentified, chieflr because 
\anous methods of treatment, including a change m residence, w’ere 
cmploccd 111 each case In them the designation of ‘ reflex calls atten- 
tion to other conditions present One had a positue Wasseimann reac- 
tion, and, as antis}philitic treatment seemed at first to piecent asthma, 
s\philis w'as considered a reflex cause A careful compaiison betw'een 
the changes m the IVassermann reaction lesultnig from treatment and 
the changes in asthma did not show an} constant relation betw^een the 
two, and at the present time, although the patient is free from astlinia, 
the Wassermann reaction is still strong!} positive At various times she 
has also been giien racemes and she has had her teeth extracted 
'\nother rroman der eloped asthma during hei first pregnancy, and had 
It again dm mg the second, but she has not had asthma during the six 
lollowmg }ears A lahorei aged 40, did not have an} endent cause foi 
asthma except bad teeth He is norr “cured, j^erhaps because his teeth 
hare been remored 

Final!}, a rvoman, aged 38 who had lejieated attacks of asthma, each 
definitel} connected rrith infections and rehered temporanh and m 
succession by appendectomy, by influenra during pregnanc} and b\ 
rcmoral of teeth and tonsils, has not had asthma since the administration 
ot an autogenous raceme three rears ago 

1 he ten cases r\ ith a reflex cause in the nose and tin oat include those 
of trro childien A girl, aged 12 who had asthma since an attack of 
influenra at the age of 9, had numerous pohpi, dulness of the sinuses and 
badlr infected tonsilb The pohpi and tonsils rvere removed shortlv 
.ifter examination, rvith considerable improrement (six years ago) , but 
her ‘cure’ dates Irom “about three }eais ago,” and as she gives a nerv 
address the rrell marked lesions weie peihaps unimpoitant, and the 
original diagnosis ot reflex asthma should more pioperh have been 
extrinsic asthma Another child rras, horror er, definitely “cured” b\ 
tonsillectomy, and trro adults hare remained free from asthma for four 
and fire} cai s since tonsillectomr 

The other six adults had nasal pohpi and degrees of sinusitis, and m 
or err one ot tliese cases the “cure dated fiom operatne treatment 
seren fire four, three, three, and trro }cars ago, respectireh 

Reaction to skin tests b} the patients m these reflex cases rr ere alrva} s 
negatn e 

Catdiac Astlnua and Chi ante Bionchiit^; zvifh Lmphyscina — The 
heading indicates that the asthma is associated rvith changes m the circu- 
lation or jn the lungs rr Inch arc organic, r\ ell recognized and permanent 
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The 101 patients weie elderly people, with the exception of seven 
young adults (now all in the foities) each of whom had a characteiistic 
ban el-shaped chest, with clubbed fingers and chronic cyanosis 

While one of the patients with heait disease and three of the patients 
with emphysema have been lelieved of then asthma, the word “cure'" 
cannot be used even in the loose sense in which it has been employed in 
this papei A woman, aged 65, with severe asthma since the age of 17 , 
which was not afifected by lesidence in California, Maine oi Carolina, 
was given potassium iodide when first seen in 1921 , since then she has 
had but a single attack of asthma (in 1925) She has, however recently 
dc^ eloped symptoms of decompensation and of angina pectoris 

Two of the patients with emph3'sema weie women aged 53 and 61 , 
both had hypei tension and both ha\e been fiee fioin asthma for two 
and five years, i espectively, since taking potassium iodide The othei 
patient, a Jewish tailoi, aged 42, had a history of wheezing for twenty 
}ears, he had a slightly bai i el-shaped chest After coming to the 
hospital he became comfoi table, and he has not had asthma duiing the 
mtei veiling three years His symptoms weie obiiously exaggeiated as 
was the oiiginal estimate of his emphysema 

UNCLASSIFIED ASTHMA 

Unclassified asthma is self-explanatory Only 10 pei cent of the 150 
patients were “cuied”, these fifteen include thirteen adults and two 
children Alost of them weie “cured” in some unidentified oi miscel- 
laneous manner Drugs, however, were cleai ly responsible in foui cases , 
iodide in two, acetylesahcyhc acid in one and aisphenamine in an intei- 
esting case, in which asthma was due to a gumma of the laiynx Two 
jiatients were “neivous ” One an apprehensive French maid, who had 
asthma, both in the city and m the country, has not had asthma since 
going home to Fiance, three yeais ago, although she letuined to the 
same family and to the same house in the United States one yeai latei 
The othei giil was a temperamental Italian who went to Italy four years 
ago, and who has been well since then Her case is classed as miscel- 
laneous and not extrinsic, because her asthma was of only five weeks’ 
duration and cleared up to a considerable degree after treatment with 
iodide and vaccines, this was two yeais before hei depaituie foi Italy 

The cases of nine othei patients remain unclassified, chiefly because 
the method of “cuie” was bizarie, consisting of the use of electiicity or 
an unknown “patent medicine” oi simply of examination and skin tests 
without any definite treatment , yet all of the patients had a definite his- 
toiy of asthma A few other cases aie so complex that any satisfactoiy 
analysis of the histones and manifold methods of tieatment is hardly 
worth while 
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COMMENT 

In the foregoing discussion of “cures” among indnidual patients and 
groups of patients, it is evident that the stud} as a ^\hole is hardh 
susceptible of accurate analysis On the other hand, the study of certain 
patients is based on objective observations which are accurate In some 
of them, the method of relief can be identified, and although its 
mechanism is unknown, the vv ord “cure” can be applied to the end-results 
with some confidence 

Table 2 not only represents the methods of “cure” m the various 
subgroups of cases, but also shows the relative impoitance of all these 
V arious methods in all cases Thus in the extrinsic group, the elimination 
of some external factor is the important method, although m a few cases, 
treatment of the patient with an extract of the corresponding substance 
has been effective “Cures” b) hygiene and by miscellaneous methods 
are particularly numerous m the intrinsic group in which specific methods 
have yielded disappointing results, but it is impossible to define, with any 
accuracy, the mechanism by vvdnch this “cuie” was brought about 

In reviewing the work it is important to determine the number of 
cases in which the method of “cure” is known and in which a true cure 
can be claimed Such a study applied to this particular series is handi- 
capped by the fact that only m a few cases of the intiinsic group as a 
whole were the slan tests repeated after the “cure” was established 
The fact, however, that m these few the reactions to the retests were 
always positive makes the thought of time cure in the group doubtful 

At the same time, attention is called again to the childi en with asthma 
caused by sensitiveness to eggs who later were able to eat eggs m spite 
of the fact that their reaction to skin tests with egg-white is still positive 
This suggests the thought that other positiv e reactions to skin tests relate 
to past history rather than to the present illness Such an idea must 
modify the definition of a “cure” and justif) the belief in a true cure even 
m the presence of persistently positive skin reactions 

Many of the patients hav’-e been “cured” by a change to a new 
environment, which has allowed them to escape from the cause of the 
asthma , in these cases also it is difficult to tell w hethei the result is per- 
manent Although several years of complete freedom from asthma have 
elapsed in a few instances, in other patients not “cured,” whose cases 
are therefore not included in this paper, it was found that with a return 
to the old environment asthma recurred In contradiction to the idea 
that such a gloomy outlook applies to all such cases is the stor} not 
uncommonly giv en that patients “used to be” sensitiv e to a cat, to feathers 
or to some particular dust, but find that now such an intolerance does 
not exist It IS unfortunate that more of the “cured” patients have not 
returned to the environment which caused their trouble so as to provide 
the data necessar}' to test their “cure ” 
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The intrinsic gioup is even more difficult of analysis It appears that 
vaccines cause a “cure” in some cases and that potassium iodide will 
relieve a patient with bronchitis maikedly and perhaps permanently On 
the othei hand, both vaccines and iodides have been given to countless 
othei patients without such results 

The opeiative tieatment of patients with lesions m the nose and 
till oat, the lemoval of bad teeth and other piocedures are additional 
measures which will “cuie” some patients, but in the vast majority of 
cases the effect is only temporal y A detailed study of the relation of 
the nose and throat to asthma is in preparation 

Throughout this paper, “cuie” by “h 5 fgiene” is frequently mentioned 
This shows that the principles of general medical care with attention to 
the patient as a whole aie an important part of the management When 
such simple measures as the lelief of constipation, the leadjustment of 
diet (without any attempt to omit oi add a particulai food) and the 
institution of good habits of rest and exercise can bung such excellent 
results in the proper cases, it is apparent that any physician with experi- 
ence and common sense can do a great deal for asthmatic patients without 
the use of complicated appaiatus oi the making of tests which are often 
so haid to mterpiet 

“Cures” by “hygiene” aie especially important m children The 
chart shows the general distribution of “H’s” but also a concentration of 
“H’s” among those in whom asthma began at an early age and who are 
still children Hygiene presumably does little more than allow nature 
to cure the disease, and then the child is said to have “outgrown” his 
asthma This subject is so important that the end-results m all those 
who developed asthma at an early age have been tabulated 

Table 3 shows the results in the entire series without regaid to the 
type of asthma oi the method of treatment Theie are 351 patients m 
whom asthma began before the age of 12 Of these, 288 aie still under 
20 years of age, while 123 aie over 20 Patients who aie “cured” and 
“greatly improved” (a designation which includes several patients who 
have been free from asthma foi a yeai, but who are not yet eligible for 
the “cured” group) form 66 pei cent of the 228 patients who are under 
20 years of age, while good results among those now past 20 occui in 
only 38 per cent of the 123 cases 

Of moie importance than the present age, however, is the age at 
which these childien applied for treatment (table3) Figures show that 
of the patients whose cases were studied before the age of 12, 33 per 
cent are “cured” and anothei 32 per cent are “gieatly impioved,” a total 
of 65 per cent, wheieas if study was postponed until the patients were 
older, the figures are reduced to 20 and 28 per cent, or a total of 48 per 
cent The age of the patients when their cases are first studied, how- 
ever, IS roughly parallel to the exact age of onset, since 110 (61 per cent) 
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of the patients seen before the age of 12, de\ eloped asthma before the age 
of 5, ^\hlIe ot those seen after 12, the age of the onset of the disease is a 
little later sinee the attacks began in onh SS (48 pei cent) hefoie the 
age of 5 

These figures bring out the marked tendenc} of patients to outgrow 
asthma -when it begins in infancj , the)’- also show that the prognosis is 
better w hen the onset is earlier As the highest figure is 011I3 66 per cent 
It IS eiident that an attitude which is too complacent is dangerous, and 
that in spite of the favorable outlook all reasonable eftoi ts to control the 
condition must be made m e\ ere case 

Is asthma which is “outgrowm ’ difterent fiom asthma which is 
‘ cured” b) Ingiene and what factors have these cases in common with 

T MILE 3 — 4<:lUmaltc PaUents an Onset Before 12 Years of Age 
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the occasional true cures in adults’ Such thoughts as that of the changes 
at pubert) or of the influence of endocrine glands are suggested, but 
there is no e\ idence to substantiate any one of them In any case, it is 
ei ident that the chief mechanism of asthma is immunologic rather than 
physiologic or anatomic, but w hat controls and changes this immunologic 
reaction remains unknowm 

COXCLUSIOXS 

The foregoing stud) is based on an anal) sis of 213 cases in w’hich the 
patients ha^e been rehe\ed of their asthma for o\er two )ears These 
213 patients are merely a part of the total of 1,074 patients on whom 
the end-results are known, as pre\iousl) reported 

The most common method of “cure” is b) the elimination of or the 
escape from the particular e'.ternal substance to which the patient is 
In-persensitn e and which as the exciting cause fthe trigger mechanism) 
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starts the asthmatic attack In certain cases, especially in children, the 
removal of this triggei mechanism can result in a permanent cure, but in 
most of the cases, the extent of “cure” in asthma cannot be determined 

Clinical “cure,” including absence of symptoms even in the presence 
of the supposedly offending substance, can exist in spite of the fact that 
reactions to skin tests are still positue, consequently, the thought that 
positne reactions may represent past histor}' rathei than present illness 
IS presented 

Apparent “cures” following changes in emironment may be peima- 
nent in some cases 

The removal of foci of infection leads to clinical “cure” in a few 
cases, although similar procedures do not help other patients who ma) 
later be “cured” b}- other means 

Faulty h}'giene, often the result of asthma, may apparently be asso- 
ciated with the cause of asthma in a considerable number of cases, so that 
treatment based on the piinciples of common sense medicine is ahva3's 
important, especially as children tend to outgiow asthma, and this 
tendency can be assisted by good management begun as early as possible 

The evidence at hand fails to suggest any definite explanation of the 
asthmatic state, except that the basis is immunologic rathei than ph} sio- 
logic or anatomic 

263 Beacon Street 
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In a preceding papei,^ the general problem of the significance of the 
anaerobic intestinal bacteria in relation to human disease was presented, 
and experimental studies of these microbes, more especiall}- of those 
belonging to the species Clostudntm welcJm, were described A toxic 
anemia of seiere giade was induced by inoculation of these organisms 

A comparison of the results of chemical analyses of the blood of these 
experimental animals with similar results on control normal animals, and 
especially with analogous results obtained m clinical diseases of man, is 
our purpose in the present communication The difficulty of applying con- 
ceptions derived from animal experimentation at once in clinical medicine 
IS keenly appreciated Nevertheless, living things have much in common, 
and the results of animal experimentation have already proved of value 
in the study of anemia 

In the present study, attention has been devoted especiallj to that 
group of experimental animals in which the most striking changes were 
obsenj^ed in the blood, namely, the animals inoculated with toxic strains 
of C welchn Quantitatue chemical analyses of the blood were made 
in conjunction with other obseivations on these same animals, recorded 
m the previous paper By reference to the protocols there presented, the 
chemical obser\ations can be fitted into the moie complete experimental 
record 

TECHNIC 

Adult male rabbits were used exclusively, and only toxic strains of C 
zvclchn were emplojed Some of the animals were injected intramuscularly 
with eighteen hour cultures in anaerobic dextrose broth, in doses of from 0 5 
to 1 cc A severe grade of anemia was induced in these animals in five days 
Toxic bacteria-free filtrates made by the method of Bull and Pritchett" and 

From the Department of the Laboratories, New York Post-Graduate 
Medical School and Hospital 

1 Patterson, Marjorie B, and Kast, Ludwig Toxic Anemia Produced by 
Clostridium Welchn, Arch Path 5 (March) 1928 

2 Bull, Carroll G , and Pntchell, Ida W J Exper Med 26 867, 1917 
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employing the broth formula of Kahn and Torrey^ were injected intravenously 
into rabbits of a second group in initial doses of from 1 to 3 cc , followed in 
some instances by a second dose on the third or fourth day if further effect was 
desired 

In order to induce more chronic toxemia, rabbits were given repeated intra- 
muscular injections of small quantities of whole culture or intravenous injec- 
tions of toxic bacteria- free filtrates, the initial dose varying from 0 1 to 0 5 cc 
Chemical analyses of the blood of these animals were made from time to time 
over a period of from one to two months In conjunction with these observations, 
blood counts and estimation of hemoglobin by the Dare hemoglobinometer 
were carried out, usually just before obtaining the blood sample for chemical 
analyses Data of these related examinations have been presented in the 
preceding paper 

In the chemical analyses of the blood. Newcomer’s^ method for hemo- 
globin as described by Myers “ and Wong’s procedure have been utilized, 
methods which have been found to be the most dependable by Lindsay, Rice 
and Selinger” Figures for hemoglobin thus obtained are presented in the 
present communication The Folin-Wu^ method was employed for the blood 
sugar For cholesterol, the procedure of Myers and Wardell with the modifi- 
cations suggested by Baumann and Holly® was followed Trichloracetic acid 
was used as the protein precipitant in estimations of the nonprotein nitrogen 
The technic outlined by Bernheim® was adopted for the icterus index of the 
blood serum With the exception of the icterus index, all analyses were made 
on oxalated whole blood drawn after an eighteen hour fast 

ANALYTIC RESULTS 

The results of blood analyses on control normal rabbits are presented 
m table 1, together with the maximum, minimum and average values of 
the series From sixteen to thirty control animals were examined to 
estabhsh the average figure, except in the case of the icterus index, for 
which only six control determinations were made 

It IS evident from the table that the control animals showed marked 
variations in concentration of the blood constituents studied Nuzum, 
Osborne and Sansum have shown that the character of the diet influ- 
ences the level of nonprotein nitrogen and of urea nitrogen in the blood 
of rabbits In monthly specimens from control rabbits over a period of 

3 Kahn, M C, and Torrey, J C Proc Soc Exper Biol & Med 22 8, 

1925 

4 Newcomer, H S J Biol Chem 37.465, 1919 

5 Myers, Victor C Practical Chemical Analysis of Blood, St Louis, 
C V Mosby Company, 1924 

6 Lindsay, J W , Rice, C E, and Selinger, M A J Lab & Clin Med 
11 737, 1926 

7 Folin, 0 , and Wu, H J Biol Chem 41 367, 1920 

8 Baumann, E J , and Holly, O M J Biol Chem 55 457, 1923 

9 Bernheim, A R Icterus Index (A Quantitative Estimation of Bili- 
rubinemia), J A M A 82 291 (Jan 26) 1924 

10 Nuzum, F R , Osborne, M, and Sansum, W D Experimental Pro- 
duction of Hypertension, Arch Int Med 35 492 (April) 1925 
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a } ear these authors observed variations in urea nitrogen of the blood 
from 14 to 23 mg and m nonprotein nitrogen from 32 to 38 mg pei 
hundred cubic centimeters In experimental animals fed on a high 
protein diet for twelve months the) obser^ed an inciease in both 
nonprotem and urea nitrogen of moie than 100 per cent above the level 
of the controls, and m these animals there weie evident lenal lesions 
Horvath has reported figures for urea nitiogen of the blood of rabbits 
on a diet of millet and cabbage, A'arAing from 13 to 25 mg per hundred 
cubic centimeters In general, our rabbits recened a diet of cabbage 


Table 1 — Analyses of Coutiol Specimens of Rabbit Blood 



Hemo- 

Bed 


Non 

Urea 

Urea N 

Ammo 


CllOlPb 


elobin. 

Cells, 


protein 

Nitro 


Acid 

Sugar, 

terol 


Gm 

Millions 


Nitrogen, 

gen, 

N P N Nitrogen 

, Mg 

Mg 


per 

per 

Color 

Mg per 

Mg per 


Mg per 

per 100 

per lOO 

Rnbbit 

100 Cc 

Cmm 

Index 

100 Cc 

100 Cc 

Ratio 

100 Cc 

Cc 

Cc 


12 7 

028 

062 

44 2 

13 5 

0 30 

91 

20-5 

79 

4 

13 4 

4 74 

087 

391 

10 4 

0 42 

87 

ISO 

70 

5 

11 S 

082 

0 53 

30 7 





02 

6 

12 5 

7 02 

0 55 

41 3 




irc 

07 

7 

10 S 

6 70 

000 

40 4 




172 

58 

s 

92 

5 20 

0 53 

370 

14 0 

0 37 

85 

150 

08 


13 4 

7 38 

050 

36 2 

10 7 

0 29 

10 3 

135 

91 


70 

7 44 

0 31 

07 5 

15 S 

0 42 

05 


C9 

5S 

112 

5 84 

0 58 

40 8 

12 3 

0 30 


115 

08 

iO 

118 

584 

002 

42 3 

202 

0 47 


103 

72 

GO 

10 9 

5 84 

0 50 

43 3 

10 9 

039 


130 

87 

Cl 

113 

4 50 

0 07 

45 4 

15 9 

0 35 


109 

SO 

02 

12 7 

002 

0 59 

42 3 

10 4 

0 24 


109 

00 

()3 

12 S 

0 02 

0 59 

394 

202 

0 51 


120 

0/ 

04 \ 

117 

728 

0 49 

40 0 

18 7 

0 40 

6 S 

119 

59 

Oi 

10 0 

7 20 

044 

42 0 

20 2 

0 47 


107 

92 

GG 

10 7 

000 

0 47 

521 

20 7 

0 51 


123 

74 

07 

no 

512 

0 65 

49 9 

24 2 

0 44 


107 

87 

CS 

121 

7 20 

0 51 

380 

14 2 

0 27 

Oo 

118 

108 

09 

112 

7 20 

0 47 

40 3 

10 8 

0 20 

82 

144 

C.J 

TO 

10 9 

7 40 

0 44 

315 

11 7 

033 

00 

140 

04 

71 

118 

000 

054 

40 0 

14 0 

0 33 

7 4 

187 

94 

72 

14 S 

0 20 

072 

43 0 

10 0 

023 

87 

194 

7 ) 

7 5 

11 1 

0 54 

0 52 

37 5 

90 

0 25 

84 

111 

81 

74 

89 

004 

0 40 

388 

14 1 

0 30 

99 

150 

57 

75 

10 0 

580 

0 52 

302 

82 

0 27 

97 

111 

00 

70 

10 2 

599 

0 52 

34 0 

12 8 

U o7 

10 9 

125 

59 

79 

121 

5 78 

004 

491 

18 4 

0 37 

82 

125 

71 

<10 


5 24 






99 

01 

91 


5 08 






79 

08 

JlaMinuni 

14 8 

7 44 

087 

52 1 

20 7 

0 47 

10 9 

205 

108 

Minimum 

70 

4 50 

0 31 

30 2 

82 

0 23 

63 

79 

J/ 

Average 

114 

037 

0 55 

413 

15 1 

0 33 

S3 

lo2 

73 


supplemented occasionally with carrots, oats and hay Animals subjected 
to acute intoxication experiments recen^ed cabbage exclusively, beginning 
tw 0 da} s before the first inoculation In the twent\ -five control observa- 
tions on urea nitrogen shown in table 1, the value ranges from 8 2 to 26 7 
with an a\erage of 15 1 mg per hundred cubic centimeters of blood 
For normal human blood M}ers^- gives from 10 to 15 mg of urea 
nitrogen per hundred cubic centimeters, and Kast and Waidell” have 

11 Hor\ath, A A J Biol Chem 68 343, 1926 

12 Mjers, V C Ph^slol Rc% 4 2/4, 1924 

13 Kast, L, and Wardell, E L Urea in Human Blood, Arch Int Med 
22 581 (No% ) 1918 
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lecognized 20 mg per hundred culnc centimeters as the upper normal 
limit for hospital patients In respect to nonprotein nitrogen, the 
maximum variation m table 1 is from 30 2 to 52 1 mg pei hundred cubic 
centimeters Onh six rabbits gave figures above 45 mg The hemo- 
globin content of the blood of these control rabbits varied from 7 6 to 
14 8 Gm with an a\erage of 11 04 Gm per hundred cubic centimeters 
The results of chemical analyses of the blood of rabbits recently 
infected by injection of whole bioth cultures of C zockJni are set forth m 
table 2 Most striking is the decrease in the hemoglobin accompanied by a 


T^blf 2 — Biochemical Deto minaiioiis Made oit the Blood of Rabbits in Winch 
an Acute Infection IFa^ Piodiiccd zoith JVJioIc B'oth Cidtmcs of 
(Gioiips 1 and 2) Stianis of C wcichii 





Hemo- 

Red Cells, 


Xonprotem 

Urea 


Choles- 


Daj-of 


globm. 

Uillions 


Xitrogen, 

Xitrogen, 

Sugar 

terol, 

Rab- 

Treat- 

Dose, 

Gm per 

per 

Color 

Mg per 

Mg per 

Mg per 

Mg per 

bit 

ment 

Ce 

100 Cc 

C mm 

Index 

100 Cc 

100 Cc 

100 Ce 

100 Cc 

61A 

Xonnal 


117 

728 

0 49 

46 0 

18 7 

119 

59 


1 

0 5 









3 

None 

80 

3 78 

0 72 

42 8 

14 7 

147 

44 


4 

03 









6 

Xone 

4 2 

108 

1 25 

33 7 

14 9 

147 

51 

66 

Xormal 


10 7 

690 

0 47 

521 

20 7 

123 

74 


1 

0 5 









3 

None 

84 

380 

067 

45 8 


158 

63 


5 

Xone 

33 

1 38 

066 

62 5 

295 

146 

91 

66 

Xormal 


10 6 

7 20 

0 44 

42 6 

20 2 

107 

02 


1 

03 









i 

X'one 

79 

3 76 

0 64 

397 


125 

62 


4 

03 









G 

Xone 

31 

360 

0 43 

391 

25 0 

76 

87 


8 

Xone 

4 0 

3 74 

0 40 

540 

30 0 

125 

97 

63 

Xormal 


12 8 

662 

0 59 

394 

20 2 

320 

57 


1 

0 0 









3 

Xone 

TT 

5 00 

0 47 

352 


L30 

54 


4 

03 









0 

X'one 

6 5 

4 40 

0 44 

451 

19 0 

136 

82 


8 

Xone 

02 

4 40 

0 43 

48 7 

199 

115 

77 

CS 

Xormal 


121 

7 20 

0 51 

380 

14 2 

US 

lOS 


1 

0 5 









3 

Xone 

87 

5 40 

0 49 

13 3 

5 

10! 

7j 


somew hat more marked diminution in the number of circulating er} thro- 
C}tes In specimens of blood obtained by puncture of the ear vein of 
labbits, Bushnell and Bangs “ found an ai^eiage normal er 3 throcyte 
count of 5,988,500 per cubic millimeter Extreme variations from 
4 322 000 to 6 976,000 were observed in a series of hourly observations 
on one normal rabbit A red cell count below 4,307,000 per cubic milli- 
meter in rabbits is considered pathologic by these authors Control 
counts made by a similar proceduie on rabbits used m the present investi- 
gation gaie an average figure of 6,250,000 with extremes of 9,020,000 
and 4,500,000 pei cubic millimeter in sixty-eight observations The 
figure for the rabbit is higher than the erythrocyte count m human 


14 Bushnell, L D , and Bangs, E F J Infect Dis 39 291, 1926 
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blood The hemoglobin content, however, is in general lower in labbits 
than 111 man, so that the color index calculated on the same basis as in 
human blood is noimally less than unity in these animals, varjing from 
0 31 to 087, with an aveiage of 0 55 in the contiol observations In the 
experimental animals, erythiocyte counts as low as 1,080,000 and 
1,580,000 ivere obseived, with a reduction of the hemoglobin to 4 2 and 
3 3 Gm per hundred cubic centimeters, respectively, and a rise in the 
color index as high as 1 25 in the first instance (rabbit 64 A) These 
striking effects on the erythrocytes have been set forth in the pieceding 
paper ^ It is, however, necessary to recall them heie, because of the 
relation of changed cell concentration to the concentration of other con- 
stituents of the blood lesulting from uneven distribution of these 
constituents in the cells and the plasma The other analytic results 
are less striking on first inspection The nonprotem nitrogen tended to 
diminish in the first few days, in all except labbit 68 This change would 
appear to depend on the reduction in the numbei of erythrocytes, for 
Folin and Berglund have demonstrated a gi eater concentration of non- 
protein nitrogen in the corpuscles as compared with the plasma of blood, 
the difference being due to an excess of lest nitrogen in the cells On 
the other hand, urea nitrogen is almost evenly distiibuted in the sub- 
stance of corpuscles and plasma, and its concentration in whole blood 
is influenced little by changes in the numbei oi volume of the cells 
Fohn,^° discussing nonpiotem nitrogen of human blood, states that, 
under normal conditions, the urea nitrogen forms from 35 to 55 per 
cent of the nonprotein nitrogen, most frequently fiom 40 to 50 per cent 
If one assumes, theiefore, that the blood of rabbit 64 A before 
inoculation contained equal volumes of plasma and coipuscles and that 
% of the nonprotem nitrogen, or 18 mg , \vas m the plasma and %, or 
28 mg. 111 the corpuscles, it would appear that reduction of the coi- 
puscles to 3,780,000 per cubic millimeter caused the plasma to constitute 
^ of the blood volume and the corpuscles Of the observed non- 
protem nitrogen, namely, 42 8 mg per hundred cubic centimeters, the 
indicated partition between plasma and cells would be in the ratio of 
% X % % X 34 or or 2 1 Tivo thuds of the observed 

42 8 mg , or 29 5 mg , -would thei efoie i epresent the nonprotem nitrogen of 
tlie plasma at this time a distinct increase over the normal figure of 18 mg 
before inoculation In the same w'^aj, the observation on the sixth day 
in rabbit 64 A, namely 33 7 mg nonprotem nitrogen per hundred cubic 
centimeters of blood, requires elucidation At this time, the corpuscles 
numbered 1,080 000 per cubic millimeter, or approximately of 

their number before inoculation, so that the^ now made up about 343 

15 FoIin, O, and Berghmd, H J Biol Chem 51 418, 1922 

16 Folm, O Phjsiol Rev 2 460, 1922 
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the volume of the blood The observed nonpiotem nitiogen, on this 
assumption, would be paititioned between plasma and corpuscles in the 
ratio of— X— -^X-rOi—oiS 1 Eight ninths of the observed 
nonprotein nitrogen (33 7), or 30 mg, would lepresent the nonpiotem 
nitrogen of the plasma at this tune While these calculations are not 
consideied precisely accuiate as repiesenting actual conditions in the 
blood of this expel imental animal, they, neveitheless, indicate definitely 
that the nonprotein nitrogen of the plasma has been inci eased during the 
course of the expei imental disease In some instances, as in rabbits 
66, 65, 63 and 68, the nonpiotem nitiogen of even the whole blood rose 
above the level obseived befoie inoculation It would, theiefore, appeal 
that the acute infection with C zvelcim has caused an increased accumula- 
tion of intei mediate nitiogenous catabolic substances in the blood, not yet 
transformed into the moie noimal excretoiy pioducts such as uiea 

The figures for uiea nitrogen in this group of rabbits with acute 
infection are extiemely variable Without data concerning the uiinary 
urea, one hesitates to interpret the figures foi blood urea However, it 
would appear that injuiy to the kidney may have been lesponsible for a 
moderate retention of urea in some of these animals, as foi example in 
labbit 65 

Bacteria-free toxic filliates of cultures of C zvcicim weie injected 
into six rabbits so as to cause seveie acute disturbances The lesults of 
chemical analyses of the blood of these animals are shown in table 3 
Here also the most striking featuie is the maiked diminution in the num- 
ber of cii dilating erythrocytes and the coriesponding but in general 
somewhat less marked reduction of hemoglobin in the blood The conse- 
quent rise in the color index would appear to be a faiily characteristic 
feature of this toxic anemia In these six animals, the nonprotein 
nitrogen acted much as in the preceding group, illnstiated in table 2, 
again indicating an accumulation in the blood of intermediate nonpi otein 
products of nitrogen catabolism Rabbit 75 behaved in an exceptional 
manner, the maiked leteiition of nonprotein nitrogen, of urea, of sugar 
and of cholesterol indicating severe impaiiment of lenal function This 
animal was killed on the fifth day, and histologic examination of the 
kidneys revealed an acute hemoiihagic and hemoglobinuiic nephritis, 
distinctly more sevei e than the morphologic changes in the other animals 
of this group studied in the same way 

Milder, chronic infections with C welchii were induced in six labbits 
by the repeated injection of small doses of whole broth cultures of C 
welclm over a period of from twenty-nine to fifty days The results of 
blood analyses on these animals aie shown in table 4 The reduction in 
erythrocytes and in hemoglobin was less in these animals, and after three 
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or four \\eeks, m spite of continued inoculations there A\as a tendenci 
toward restoration to noiiual The chemical anal}ses were begun earh 
in the third week of the treatment Except for hemoglobin and red 
blood cells the figures remain within the limits of observations on nor- 
mal control animals These observations are in accord with other evi- 
dence of an acquired immunit}' in these animals 

Toxic, bactena-free filtrates of cultures of C welclm were injected 
in divided doses into six rabbits over periods of from forty-eight to 


Tablf 3 — Biochtmical Dctci mtiialions Made ou Ihc Blood of Rabbtfs m B'litcli 
an Acute Scz’cie Toxemia JFas Induced zoifJi Tone Tilfiates of 
(Groups 1 and 2) Strains of C zucIcJtn 





Hemo 

Red Cells, 


Xonprotem 

Urea 


Choles 


Day of 


globin, 

Millions 


Xitrogen, 

X'ltrogen, 

Sugar, 

tcrol. 

Rab 

Treat- 

Dose, 

Gm per 

per 

Color 

Mg per 

Mg per 

Mg per 

Mg per 

bit 

ment 

Ce 

100 Ce 

G mm 

Inde^ 

lOOCe 

lOO Cc 

100 Ce 

100 Cc 

71 

Xormal 


IIS 

G60 

054 

40 0 

14 0 

187 

94 


1 

10 









3 

1 5 

7 C 

3S2 

0 57 

50 0 

13 0 

142 

76 


4 

20 









6 

Xone 

5 2 

2,44 

0 64 

43 5 

10 5 

1G2 

53 

74 

'Sorxail 


SO 

664 

0 40 

3SS 

14 1 

150 

57 


1 

2 5 









s 

2o 

30 

214 

0 42 

31 4 

13 2 

174 

G3 


4 

30 









5 

A one 

4 1 

1 60 

0 7S 

536 

14 5 

159 

128 

T") 

Xormnl 


10 0 

5 SO 

0 52 

802 

S2 

111 

90 


1 

20 









3 

Xone 

5 i 

2S0 

0 50 

103 4 

71 3 

157 

93 


4 

20 









5 

Xone 

44 

ISO 

0 72 

156 2 

lOCO 

170 

153 

7C 

Xornnl 


10 2 

500 

0 52 

34 C 

12 S 

125 

39 


1 

25 









3 

30 

C2 

q ^ 

067 

42 0 

14 7 

133 

133 


4 

30 









5 

X'one 

53 

200 

OSO 

37 0 

14 S 

170 

107 

2S 

Xonnal 



5 02 







1 

20 









O 

2 0 









3 

30 









5 

Xone 

4 7 

25S 

05G 

52 3 

101 


107 

29 

Norm il 



GOO 







1 

30 









2 

30 









o 

50 









5 

50 







EG 


G 

Xone 

5S 

3 22 

054 

5S 5 

19 3 



sev entv -eight davs in the attempt to induce a chronic toxic anemia 
Chemical analv ses of the blood were undertaken onlv at the end of each 
experiment on killing the animal, at a time vvdien the earlier reduction of 
hemoglobin and of red blood cells had been parti} restored toward nor- 
mal The results are shown in table 5 The figuie for urea nitrogen 
remained below 20 mg in all except rabbit 17 whereas the amount of 
nonprotein nitrogen tended to be high in all except rabbit 15 In the 
average figures for all six animals the urea nitrogen constituted 31 8 
per cent of the nonprotein nitrogen Here again there is an indication 
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Table 4 — Biodieimcal Dcfennviatwus Made on the Blood of Rabbits vi Which a 
Chionic Infection Was Pioduced toith Whole Bioth Ciiltines of 
(Gioiips 1 and 2) Sfiains of C zvelchii 





Hemo 

Red Cells, 


Nonprotem 

Urea 


Choles- 


Day of 


globin, 

Millions 


Nitrogen, 

Nitrogen, 

Sugai, 

terol. 

Rab 

Treat- 

Dose, 

Gm per 

per 

Color 

Mg per 

Mg per 

Mg per 

Mg per 

bit 

merit 

Cc 

100 Cc 

C mm 

Inde-? 

100 Cc 

lOO Cc 

100 Cc 

100 Cc 

■■iS 

Normal 


11 2 

5 81 

0 58 

10 8 

12 3 

115 

OS 


1 

03 









3 

03 









7 

03 









0 

0 2 









li 

02 









15 

None 

10 2 

4 04 

0 77 

37 7 

8 S 

141 

05 


20 

02 









22 

None 

94 

4 73 

060 

27 -) 

10 6 

122 

78 


2S 

0 5 









30 

None 

82 

4 78 

0 53 

33 2 


90 

72 


31 

0 5 









16 

05 

74 

3 76 

060 

31 0 

S3 

122 

78 


43 

1 0 

9 6 

5 48 

0 48 

40 8 

17 8 

103 

01 


50 

None 

90 

5 30 

0 51 

34 5 

89 

161 

00 

(f) 

Normal 


11 2 

7 20 

0 47 

10 3 

10 8 

144 

05 


1 

0 ■> 









9 

03 









12 

03 









15 

None 

11 1 

4 02 

0 73 

31 4 

91 

111 

86 


22 

0 5 

93 

5 08 

0 57 

51 7 

10 7 

ICO 

0") 


24 

0 5 









29 

None 

9 7 

5 2G 

0 50 

32 0 

S3 

147 

so 

2o 

Normal 



5 96 







37 

40 

9 8 

5 20 

0 57 

35 2 

10 0 


73 

60 

Normal 


10 9 

5 81 

0 50 

43 3 

16 9 

130 

87 


1 

01 









3 

01 









6 

01 









15 

None 

G 1 

0 21 

0 60 

42 S 

14 S 

SO 

59 


20 

0 1 









22 

None 

07 

4 IS 

0 50 

27 9 

10 4 

132 

67 


2S 

02 









30 

None 

70 

4 5S 

0 46 

42 0 


56 

82 


11 

02 









30 

None 

11 1 

4 02 

0 85 

37 2 

78 

115 

102 


Normal 


11 3 

4 50 

0 70 

45 4 

15 9 

109 

SO 


1 

01 









3 

0 1 









6 

01 









13 

01 









IG 

None 

72 

300 

0 73 

33 8 

10 2 

144 

8o 


20 

01 








22 

None 

GS 

4 13 

0 50 

32 9 

101 

167 

S2 


28 

02 








10 

None 

S3 

564 

041 

33 8 


100 

114 


31 

03 








36 

0 5 

78 

5 34 

0 44 

27 0 

82 

120 

95 


43 

10 

8 5 

140 

0 59 

45 1 

15 7 

107 

92 


50 

None 

82 

4 70 

0 53 

317 

9 5 

220 

08 

70 

Normal 


10 9 

7 40 

0 44 

34 5 

117 

140 

01 


1 

01 







9 

01 









12 

01 









n 

None 

S3 

3 40 

0 73 

318 

10 0 

99 

117 


22 

03 

SG 

3 92 

000 

43 7 

87 

122 

61 


29 

None 

10 2 

5 04 

0 02 

65 8 

331 

109 

90 
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of relative increase in nonprotein nitrogen other than urea, %\hich is in 
accord wnth the obserAations on the more severe acute intoxications in 
rabbits 

Kahn and Barsk}'^' ha\e recorded figures for some of the blood 
constituents in three cases of pernicious anemia The figures for non- 
protein mtrogen ranged from 29 3 to 38 5 mg per hundred cubic centi- 
meters , for urea nitrogen from 18 4 to 20 1 mg In all three cases, the 
urea nitrogen formed more than one half of the nonprotein nitrogen, 
which might be expected in conditions m which the blood cells are 
diminished Gettler and Lmdeman ha\ e presented data on chemical 
anah'ses of blood in thirt}'-two cases of pernicious anemia, including 
eighU'-seA en complete blood anal} ses They found the nonprotein nitro- 
gen of the blood increased abo-\ e the normal limits (25 to 40 mg ) in 48 
per cent of their cases, an amount too large to be accidental Urea 


Tabue 5 — Bwchcvitcal Determinations Made on the Blood of Rabbits After 
Chrome Intoxications Had Been Produced with Toxic Filtrates of 
(Gro ips 1 and 2) Sirains of C uclchn 




Total 

Hemo 

Bed Cells, 


^onp^otem 

Urea 


Choles 


Day of 

Toxin 

globin, 

Millions 


Xitrogen, 

Xitrogen, 

Sugar, 

terol, 

Ball- Treat- 

Given 

Gm per 

per 

Color 

Mg per 

Mg per 

Mg per 

Mg per 

bit 

meat 

Cc 

100 Ce 

Cjnin 

Index 

100 Cc 

100 Cc. 

100 Cc 

100 Cc 

12 

73 

375 

S6 

,62 

055 

49 5 

19 0 


95 

22 

47 

27J25 

60 

544 

0^ 

590 

16 4 


73 

15 

50 

334 

S9 

49S 

0 55 

346 

19.2 

176 

61 

21 

49 

46 5 

no 

493 

0^ 

97 4 

U7 


92 

17 

7S 

32 4 

ne 

5 40 

0® 

72.1 

3S1 


SI 

20 


345 

91 

532 

051 

73 4 

183 


83 


nitrogen also tended to be high, but m only 18 per cent of the cases 
^\-as It aboA e the normal limit of 20 mg They were inchned to asenbe 
these relations to the decreased amount of arculating blood and dimin- 
ished power of oxidation within the cells The obser\ ation of analogous 
changes in the blood of our rabbits after intoxication with products of 
C. ixjdchii suggests that the mcrease of nonprotein nitrogen in patients 
vith pernicious anemia as well as in these experimental ammals ma} 
be due to exaggerated protein catabolism associated mth a toxemia, 
hov e% er they are not necessarily of the same causation 

Table 6 presents the results of analyses for amino-nitrogen as deter- 
mined by Fohn’s colorimetric method, these were, on the average, 
slightly higher (0 5 mg ) than those obtained by the gasometric pro- 

17 Kahn, if, and Barskj, T ChemistiA of Pernicious Anemia, Arch Int 
ifed 23 334 (JIarch) 1919 

18 Gettler, A. O , and Lmdeman, E Blood Chemistri' of Pernicious 
Anemia Arch Int Med 26 453 (Oct ) 1920 

19 Folin, O J Biol Chem 51*374, 1922 
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cedure of Van Slyke Greene, Sandiford and Ross have reported data 
on the amino-aad nitrogen of human blood in health and in a variety of 
pathologic conditions In twenty normal specimens, the figures obtained 
were, maximum 8, minimum 5 1 and average 6 38 mg per hundred cubic 
centimeters In the blood of twelve young men after fasting one night, 
Beiglund^^ found an average ammo-acid iiitiogen of 6 4 mg per hun- 
dred cubic centimeters The figures for the blood of control rabbits 

Table 6 — Aimno-Actd Nitiogen of Blood m Acute and Chiomc Intoxications 



Day of 

Amino-Acid Nitrogen, 

Rabbit 

Treatment 

Inoculum 

Mg per 100 Cc 


Acute Intoxications 


WA 

Normal 

Whole broth culture 

6S 


3 


70 


6 


68 

6S 

Normal 

Whole broth culture 

63 


3 


83 

71 

Normal 

Toxin 

74 


3 


90 


6 


86 

74 

Normal 

Toxin 

99 


3 


88 


6 


92 

75 

Normal 

Toxin 

97 


3 


88 


5 


80 

76 

Normal 

Toxin 

10 9 


3 


80 


5 


84 


Ohromc Intoxications 


69 

Normal 

Whole broth culture 

82 


15 


79 


22 


78 


29 


78 

70 

Normal 

Whole broth culture 

66 


15 


68 


22 


82 


29 


87 

12 

73* 

Toxin 

80 

22 

47* 

Toxin 

92 

15 

50* 

Toxin 

70 

21 

49* 

Toxin 

82 

17 

78* 

Toxin 

96 

20 

48* 

Toxin 

101 


* Termination of treatment 


in our table 1 aie somewhat higher, namely maximum, 109, minimum, 
6 3 , average, 8 3 mg per hundred cubic centimeters Greene, Sandiford 
and Ross,"” m their exhaustive study of ammo-nitrogen of the blood m 
disease, present figures for six cases of anemia (the type of anemia 
not stated) ranging from 5 1 to 8, with an average of 6 38 mg per hun- 
dred cubic centimeters, identical with their average figuie for twenty 

20 Greene, C H , Sandiford, K , and Ross, H J Biol Chem 58 845, 1923- 
1924 

21 Bergltind, H Nitrogen Retention in Chronic Interstitial Nephritis 
J A M A 79 1375 (Oct 21) 1922 
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normal specimens of blood Gettler and Lmdeman found abnormall> 
high figures for amino-nitrogen in pernicious anemia, fimin 9 to 40 ing 
per hundred cubic centimeters, as determined by Van Slyke’s method, 
at least four times the normal in some cases In table 6 are presented 
figuies of the amino-niti ogen in the blood of rabbits with experimental 
anemia induced by injection of cultures oi pioducts of C welchu The 
^arlatlons are all within the noiinal limits foi labbits, as indicated in 
table 1 In this respect, these rabbits appear to be distinctly difterent 
from the patients with pernicious anemia studied by Gettlei and Linde- 
man 

The control specimens of blood showed the gieatest variations in 
the sugar content These specimens were obtained about eighteen 
hours after feeding, but, even so, the animals cannot be regaided as in a 
postabsorptive state For this pin pose, Baumann and Holly® found it 
necessary to allow a fast of fortj^-eight hours in rabbits The figures 
lecorded in tables 2 and 3 show a model ate increase in blood sugar in 
most of the rabbits after the first injection, with a tendency to decrease 
subsequently m spite of further inoculations These changes lesemble 
the alterations in blood sugar obseived in acute infections in man 
They are not m the same category as the observations of Zeckwei and 
Goodell,^^ who obsened lapidly developing hypergl} ceinia in labbits 
after intravenous injection of killed bacteiia, with return to normal in 
a few hours Such rapid fluctuations in oui animals would ha^e 
escaped detection 

The blood cholesterol of thirty contiol labbits shown m table 1 
aieraged 73 mg per hundred cubic centimeters, neai tbe figure (67 
mg ) 1 eported by Baumann and Holly ® as the average of their obser- 
\ations in seventeen control rabbits In oui senes, foui rabbits had 
more than 90 mg of cholesteiol per hundred cubic centimeters of blood, 
and one animal had 108 mg These specimens were obtained by heart 
punctui e during brief ether anesthesia, and it is believed that the anesthe- 
sia could not have influenced the cholesterol obsei vations, as Mahlei 
found the blood cholesterol to be significantly altered only aftei from 
fifteen to twenty minutes of deep anesthesia 

The cholesterol of human blood is much i educed duiing acute bac- 
terial infections Chauffard has obseived reduction of the choles- 
terol content of the suprarenals in pulmonary tuberculosis, tuberculous 
meningitis, pneumonia, typhoid fever and septicemia In all types of 
anemia in man, the blood cholesterol is diminished As the patient 

22 Zeckwcr I T, and Goodell, H T Exper Aled 42 43, 1925 

23 Mahler, A J Biol Chem 69 653, 1926 

24 Chauffard, quoted bv Campbell, T M H Quart T Aled 18 393, 1924- 
1925 
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lecoveis fiom the anemia oi from the infection, the cholesteiol 
inci eases Hoiiuchi-^ pioduced expel imental anemia in labbits on a 
fat-free diet by repeated withdiawal of fiom 10 to 15 cc of blood ovei 
a peiiod of fiom five to seventeen da 3 ^s In these animals, be observed 
an initial slight decrease of blood cholesteiol followed by an increase to 
tw^o or thiee times the noimal contiol Of our nine labbits recorded 
m tables 2 and 3, one animal (no 71) showed a piogiessive decrease 
of blood cholesteiol, but in the otheis the initial decrease was followed 
by a subsequent increase The decrease heie was gieatei than that 
observed by Hoiiuchi, possibly because a moie severe anemia was pro- 
duced The subsequent increase was, howevei, less than that desciibed 
by him, and m no instance did the blood show evidence of a gioss 
lipemia In the labbits subjected to a moie piolonged mild intoxica- 
tion. as lecoided m table 4, the deciease m cholesteiol also occuiied, 
followed by a moie definite indication of the rise m blood cholesterol 
in the later peiiod of treatment The evident immunity acquired b) 
labbits duiing admmistiation of w'^hole broth cultures oi of toxic fil- 
trates of C tvelcJm foi a period of tw'ent>-five days oi longei, as showm 
by Patteison and Kast ^ in a pre\ious paper, may be con elated with 
this use in the blood cholesterol 

The icteius index of labbit's blood is much lowei than that of human 
blood, the lattei langmg from 4 to 6 by Beinheim’s technic In six 
control labbits, the icteius index langed fiom 1 5 to 2 2 wnth an aver- 
age of 1 95 In the experimental animals, particulaily in those sub- 
jected to severe acute intoxication, the blood serum was often tinged 
with hemoglobin because of the violent hemolysis m vwo, and an esti- 
mation of the icterus index could not be made The observations made 
at other times are recorded in table 7 Here it will be seen that the 
icterus index was found always to be above the upper extreme foi the 
controls except in one obseivation made on rabbit 10 on the fift) -second 
experimental day The highest value was 12 5 in rabbit 84 on the fifth 
day of treatment Bernheim '* has found that the icterus index vanes 
fiom 6 5 to 12 5 with an average of 10 in peimcious anemia of man, 
while in secondary anemia her figures ranged from 2 3 to 3 9 with an 
average of 3 3 Taking into account the normally lowei icteius index 
of the rabbit, the proportionate increase fiom 1 5 to 6 tunes the contiol 
figuie in these experimental animals would appear to correspond closely 
with the elevation of the icterus index observed by Bernheim in human 
pernicious anemia The phenomenon is not, however, a specific reac- 
tion to C welchii in a bacteriologic sense, for a similar, if less marked, 
rise in the icterus index was observed in rabbits 87 and 71. winch 
weie treated with cultures of other intestinal anaerobes 


25 Horiuchi, Y T Biol Cliem 44 347, 1920 



Table 7 — Detervnmtion of the Icterus Index in the Blood of Rabbits in Which 
Acute and Chionic Intoxications Had Been Pioditced zvith C zvelchn 


Day of 


Rabbit 

Treatment Inoeulum 

Icterus Index 

28 

3 

Acute Intoxications 

Toxin 

30 

29 

6 

Toxin 

38 

82 

5 

Toxin 

80 

S3 

5 

Toxin 

28 

84 

5 

Toxin 

12 5 

86 

6 

Toxin 

4 5 

87 

6 

Toxin 

65 

17 

46 

Chrome Intoxications 

Toxin 

24 

20 

46 

Toxin 

26 

15 

49 

Toxin 

30 

21 

49 

Toxin 

31 

12 

42 

Toxin 

4 5 

22 

48 

Toxin 

26 

23 

28 

Toxin 

5 3 

10 

52 

Whole broth culture 

17 

18 

S3 

Whole broth culture 

38 

25 

33 

Whole broth culture 

44 

19 

73 

Whole broth culture 

35 

13 

87 

Control Rabbits 

C bifermentans culture 

35 

14 

71 

C sporogenes culture 

27 


Table 8 — Uiobihn Excietwn in Rabbits in Which Acute and Chionic 
Intoxications Had Been Produced zvith C zvelchn 


Day of Urobilin, 

Eabbit Treatment Inoculum Mg per 100 Co 


Acute IntoMcations 


32 

7 

Whole broth culture 

940 

24 

5 

Whole broth culture 

153 0 

64A 

5 

Whole broth culture 

Trace 


6 


188 0 

66 

5 

Whole broth culture 

188 0 

7 

6 

Whole broth culture 

189 0 

68 

3 

Whole broth culture 

Trace 


4 


235 


5 


235 


6 


626 

28 

5 

Toxin 

TT'ace 

27 

5 

Toxin 

189 0 

29 

6 

Toxin 

710 4 

71 

3 

Toxin 

Trace 


6 


111 

74 

5 

Toxin 

Trace 

76 

3 

Toxin 

Trace 


5 


Trace 

82 

6 

Toxin 

47 0 

86 

6 

Toxin 

Trace 

87 

6 

Toxin 

12 0 



Chronic Intoxications 


21 

49 

Toxin 

Trace 

23 

31 

Toxin 

11 8 

11 

63 

Whole broth culture 

47 6 

18 

83 

Whole broth culture 

94 0 

19 

4 

Whole broth culture 

6817 


6 


176 35 


19 


USl 

61 

29 

Whole broth culture 

Trace 

69 

15 

Whole broth culture 

Trace 

70 

29 

Whole broth culture 

Trace 



Control Rabbit 


6 

20 

C bifermentans culture 

47 25 
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An estimate of the late of destruction of red blood cells can also 
be obtained fiom the iiiobilin output m the in me This was deter- 
mined by the method of Elman and McMaster at intervals during the 
experimental tieatment, on cathetenzed specimens of urine obtained 
from several of the labbits and on uime lemoved from the bladder at 
autopsy on the same animals as well as on a larger numbei of others 
In table 8, in which these values are presented, the latest experimental 
day on which an analysis is recoided is the day of death of the animal 
m each instance, and the value lecorded for that day was found on 
analysis of the mine in the bladdei at autopsy Amounts of less than 
3 mg of urobilin pei bundled cubic centimeteis are lecoided as ‘‘tiace” 
The enormous vaiiations shown m table 8 appear to be definitely cor- 
related with laiiations in the process of eiythrocyte destiuction and 
apparently a more accurate measure of this than is the icterus index 
Thus, rabbit 28 had a tiace of urobilin m the urine and an icterus index 
of 3 on the fifth da}- of treatment, while labbit 29 had 710 mg of 
urobilin per bundled cubic centimeters of mine with an icteius index of 
3 8 on the sixth experimental day Evidently the icteius index is a 
measure of pigments ciiculatmg in the blood, while the mobilin figures 
repiesent pigments of hemolytic origin excreted thiough the bile ducts, 
transformed m the intestine, resoibed and excieted m the mine The 
latter mode of disposition of the pigment products of hemolysis appears 
to be the chief normal mechanism and to be capable of extiemely wide 
adaptation to the demands made on it by excessive blood destruction 
In otherwise noimal animals subjected to experimental hemolytic 
intoxication, the mobilin excietion would appear the better measure of 
this particular effect 

SUMMARY 

1 Acute intoxication of labbits with the products of Clostndium 
welchn resulted in a markea reduction in hemoglobin and an even 
greater reduction in the number of erythiocytes of the circulating blood 

2 In most of these animals there was an increase m the nonprotem 
nitrogen of the blood plasma without a corresponding increase in urea 
nitrogen, and hence a diminished ratio of the latter to the foimei This 
alteiation appears to be a lesult of abnormal protein catabolism associ- 
ated with the intoxication 

3 The amino-nitiogen of the blood of the experimental animals, 
including those with severe acute as well as the more chronic intoxica- 
tions, did not vary beyond the noimal limits observed m control rabbits 

4 The blood sugar lose slightly m the acute intoxications, reaching 
Its maximum about the third day and then subsiding m spite of fuither 
inoculations 


26 Elman, R, and McMaster, P D J Exper Med 41 503, 1925 
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5 The blood cholesteiol tended to diinnnsh in the earh stages ot 
the expel imental intoxication and to increase subsequently, especial!} 
in the animals m which the er\throcytes and hemoglobin tended to 
return to noimal 

6 The icterus index of the blood seium in the expeiimental animals 
was increased from 1 5 to 6 times the control figuies This change was 
most evident when rapid destruction of eiythrocytes occuried 

7 The urobilin output m the mine varied fiom a trace to 710 mg 
per hundred cubic centimeteis, the laige amounts being excieted after 
active destruction of blood 

8 Man}'^ of these changes resemble changes obseived in anemia in 
man 



THE NONPROTEIN SULPHUR OF THE BLOOD IN 
CERTAIN PATHOLOGIC CONDITIONS ^ 

W DENIS, PhD 
GEORGE R HERRMANN, MD 

AND 

LUCILLE REED, MS 

NEW ORLEANS 

In tins papei we have collected the results of a consideiable numbei 
of obseivations made on the distiibution of the nonprotem sulphui of 
the blood of normal peisons and of peisons suffeimg fiom various 
pathologic conditions of the kidneys, heait and liver 

Expel imental evidence is available which indicates ^ that nonprotem 
sulphui exists in blood m the forms of at least three fractions, which 
appear to possess chemical piopeities similar to the several classes of 
sulphur compounds piesent m urine Thus, there is present in blood 
a fi action designated as moiganic sulphate, which is precipitated by 
the addition of barium chloiide to the depioteinized blood filtrate after 
suitable adjustment of the leaction of the latter When the depro- 
temized blood filtiate is heated with acid, an additional precipitation 
with barium chloride results, and the difference between the value of 
the total sulphate so obtained and that of the inorganic sulphate is 
designated as ethereal sulphate When the deprotemized blood filtrate 
IS tieated with a suitable oxidizing agent, certain unoxidized sulphui 
compounds contained therein aie oxidized to sulphate and may be 
precipitated with baiium chloride The difference between the value 
for total nonprotem sulphui so obtained and total sulphates is desig- 
nated as neutial sulphui 

The samples of blood used weie obtained from the medical service 
of the New Oilcans Chanty Hospital The analytic methods weie 
those recently described by Denis and Reed ^ The figuies for non- 
protein nitrogen were obtained by the method of Foliii and Wu “ and 
those foi sodium chloiide by the procedure of Whitehoin ^ 

The results of the examination of three samples of blood from 
normal persons (woikers m the laboiatory) and of thirty-one samples 
taken from patients in the hospital aie given m table 1 In addition to 
the mateiial contained in this table, we aie also in possession of the 

From the Department of Bio-Chemistry and of Aledicme of the Tulane 
University of Louisiana School of Medicine 

1 Denis, W , and Reed, L J Biol Chem 71 191, 1926 

2 Folin, V, and Wu, H J Biol Chem 38 87, 1919 

3 Whitehorn, J C J Biol Chem 45 449, 1920-1921 
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Table 1 — Noiiprofctn Sulphur vi Whole Blood and Plasma 


Mg: per Mg per 

100 Cc. Blood 100 Ce. Blood 

A * 



Bab- 

, ’■ 

\ 

^ 





ora- 

Xon- 

So 

Inor- 

Ether- 

Xeu- 


toryprotem dram 

game 

eal 

tral 


Specj- l\itro- 

Chlor- 

Sul- 

Sul- 

Sul 

Case men 

gen 

ide 

pbate 

phate 

phur 

1 

19 





023 

034 

373 

2 

20 

Si 

— 

0^ 

042 

353 

o 

o 

18 

— 

— 

0 45 

015 

324 

4 

6 

41 

540 

033 

L30 

443 


9 

39 

S3 

193 

109 

403 

5 

17 

41 

506 

0^ 

096 

3 49 


14 

30 

483 

0^ 

060 

319 

6 

8 

40 

502 

0J5 

0^ 

^01 

7 

33 

S3 

417 

0^6 

032 

3S0 

s 

16 

67 

413 

0 47 

0 33 

421 

9 

13 

39 

452 

0 49 

014 

,32 

10 

23 

26 

500 

0 53 

015 

400 

11 

31 

32 

472 

0^ 

032 

339 

12 

22 

Co 

484 

0 53 

054 

459 

13 

11 

50 

524 

0 55 

0 07 

3 31 

14 

24 

23 

5S 

0 56 

021 

2 94 

15 

26 

37 

505 

0 59 

031 

364 

16 

21 

50 

484 

060 

L33 

493 

17 

29 

39 

530 

060 

0 45 

3 70 


IS 

32 

41 

492 

063 

029 

5 94 

19 

12 

74 

530 

063 

106 

5B0 

20 

33 

52 

445 

0 76 

048 

4 10 

21 

25 

SO 

403 

109 

L15 

5 01 

22 

27 

82 

410 

163 

010 

469 

23 

T 

63 

644 

2 55 

OS 

623 


3 

51 

7S>0 

532 

2.54 

8Q9 

24 

35 

58 

494 

2 .SS 

2.04 

4 17 

25 

2 

48 

540 

303 

107 

2 °9 

26 

30 

GO 

525 

i£7 

0 40 

303 

27 

3 

44 

491 

472 

093 

3 51 

05 

28 

91 

554 

480 

on 

413 

29 

7 

175 

599 

515 

300 

9S 

30 

BB 

80 

405 

110 

3.35 

607 

31 

3, 

ISS 

£?X) 

13^ 

16! 

4 70 


Mg per 
100 Ce Plasma 

t 


Inor- 

ganic 

Sul- 

phate 

Ether- 

eal 

Sul 

pbate 

Neu- 

tral 

Sul- 

phur 

B'agnos s 

0 51 

0 93 

L,7 

Normal 

— 

— 

2.14 

Normal 

085 

091 

172 

Normal 

132 

133 

L97 

Nephntis, edema Nor 3 

194 

0 76 

193 

1926 

Same pabent as above, 

065 

065 

2 57 

Jan 2S 1927 

Mrocardial msufficiencv 

L12 

035 

2 02 

congestive heart failure, 
Apnl 8 1927 

Same patient as above. 

148 

OBI 

ais 

March 26, 1927 

Subacute hemorrhagic ne 

0 92 

091 

in 

phntis 

Mvocardial msuatrencv 

OS 

039 

L59 

asdtffi, congestive bean 
failure, jaundice 
Caruiorenal disease hvp“'- 

0.99 

0-8 

L74 

tension edema 

Asthmatic bronchitis em 

107 

048 

ISO 

phj-sema, chrome nephnti. 
Eclampsia convulsive 

108 

0 s 

095 

Hvperpiesia, artenosc^ero 

106 

0 31 

32» 

SIS, nephnt s ' 
Hvpertension, artenosclero- 

110 

0 50 

183 

sis chronic nephritis 
Alcohohe cirrhos’s of the 

LIS 

LOT 


hver, jaundice 

Edema, jaundice 

113 

082 

L7 

Artenosclerosis ebron c 

117 

1 39 

3B1 

mvocaruitis, chronic ne- 
phritis 

Cardiorenal disease hvper 

1211 

094 

1 32 

tension, artenosclerosis 
Hvpertension, les ons or the 

125 

099 

191 

central nervons svstem 
due to pnmarv arteno 
sclerosis 

Chrome nephntis hvpe*ten 

0 93 

010 

209 

Sion arteriosclerosis 
Jaundie^, postoperative ob- 

183 

0 47 

2 43 

stn-ction 

Cardiorenal disease, a=cit'"s 

161 

331 

2.24 

Cardiorenal d'sease hvper- 

362 

0 73 

OBO 

tension edema and asejte» 
Nephritis, hvpertension. 

1.55 

145 

1B7 

edema, svphilitic aortitis 
Chrome and aente nephntis 

360 

162 

327 

hvpertension and ana- 
sarca, Jnlv 2, 1926 

Same patient as above 

300 

1 72 

0 C*"* 

Jnlv 26, 1926 

Chrome nephr'tis, hvpier- 

275 

1 61 

10-2 

tension 

Cardiorenal disease, hvper- 

4 37 

063 

304 

tension arteriosclerosis 
Cardiorenal oirease hipe- 

4 S 

0 63 

2B7 

tension, artenosderosis 
Chrome nephntis, hypo- 

4 80 

0.51 

3B6 

tension, edema, heart fail 
ure 

Chrome nephntis hvperten 

3.50 

5.53 

335 

Sion edema 

Chron c nephntis uremia 

10 95 



— 

Chrome nephnt s conger 

13 44 

236 

315 

tive heart failure edema 
Card'orenal disease uremia. 


congestiT© heart failure 
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results obtained with the blood in a series of cases which in number 
exceeds those presented in the table As, however, we were unable 
to obtain m these patients samples of blood of sufficient size for the 
determination of all of the nonprotein sulphur fractions in both whole 
blood and plasma, and as the lesult did not appear to present points of 
interest not already shown in the tabulated results, we have omitted 
the piesentation of these incomplete analyses 

COMMENT 

Within the past five years, several papers have been published on 
the subject of the concentiation of the vaiious nonprotein sulphur 
fi actions of the blood of man Thus, Meyer-Bisch^ detei mined total 
(inoigaiiic + ethereal) sulphate in the whole blood of persons suffei- 
ing from a raiiety of pathologic conditions His figuies, however, are 
so much higher than ours that compaiison is impossible Kahn and 
Postmontier ^ published an executive series of analyses of the total 
sulphate and total nonprotein sulphui in noimal and pathologic whole 


Table 2 — Results of Detenmnations of Nonp] otem Sulphw Ft actions of 

Notmal Pet sons 



Whole Blood 

Plasma 

Inorganic sulphate, mg per 100 cc 

0 45 

0 87 

Ethereal sulphate, mg per 100 ce 

0 85 

067 

Neutral sulphur, mg per 100 cc 

3S0 

1 95 


blood, while Loeb and Benedict ® made observations on the inorganic 
sulphate in the serum in a senes of cases In general, the values 
obtained in the two lattei investigations he within the general range 
found m our series 

As far as we are awaie, analyses other than our own are not 
available for the nonprotein sulphur of both plasma and whole blood 
in pathologic conditions 

In a recent papei, two of us placed on record the results of 
analyses of nine samples of human blood in which detei minations were 
made of the nonprotein sulphur fractions in whole blood and in plasma 
of nine normal persons An average of these results is given in 
table 2 

While the numbei of samples from which these average figures were 
obtained is, of course, too small to give values which might be con- 
sidered to show the final limits of variation of these fractions under 

4 Meyer-Bisch, R Bio-Chem S 101 23, 1924 

5 Kahn, G, and Postmontier, R S J Lab & CIm Med 10 317, 1925 

6 Loeb, R F , and Benedict, EM J Clin Investigation 4 33, 1927 

7 Denis, W, and Reed, L J Biol Chem 73*623, 1927 
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normal conditions, they ser^e to indicate the geneial trend of distribu- 
tion between plasma and corpuscles Thus, it will be seen that the 
inorganic and etheieal sulphate fractions exist in largest amount in 
the plasma , in fact, if the corpuscles are considered as forming 50 per 
cent of the value of nhole blood it would appear from these figures 
that the corpuscles may be entirely devoid of inorganic and ethereal 
sulphate On the other hand, the neutial sulphui fraction would appeal 
to exist in largest amount, although not exclusivel}, in the corpuscles 

The results contained in table 1 indicate that there is no relation 
between the retention of nonprotein nitiogen and of inorganic sulphate, 
an observation not in accord with those of Loeb and Benedict ® or of 
one of us ® Thus, case 30 with a nonpiotein nitrogen of 60 mg, shows 
an inorganic sulphate content of 4 37 mg in the whole blood, whereas 
case 25, with a nonprotein nitrogen of 80, shows an inorganic sulphur 
of 1 09 In a series of experiments ” on dogs with uranium nephritis. 
It was found that the inorganic sulphui fi action of the blood could 
be strikingly affected by changes in the volume of mine excieted 
Thus, in dogs with marked diuresis, the inorganic sulphate of the blood 
was so reduced that quantitative determination became impossible, 
whereas with i eduction of the output of mine this fraction was much 
derated over the normal value 

Most of the patients used in this work had nephritis oi cardioienal 
disease, and, on looking over the histones, we found that the use of 
diuretics apparently exerts a profound influence on the level of the 
inorganic sulphate fiaction of blood Thus, the specimens marked six 
and nine, respectively, were obtained from the same patient, who had 
nephritis with generalized edema Specimen 6 (inorganic sulphate, 
0 33 mg , nonprotein nitrogen, 39 mg ) was obtained just aftei treatment 
with merbaphen, the administration of which had caused marked diuresis, 
uhile specimen 9 (inorganic sulphate, 198 mg, nonprotein nitrogen, 
41 mg ) was taken three months later when the patient had again become 
edematous, with marked reduction in the \olume of mine excreted 

Determinations of chloride were made in this series because it seemed 
possible that fluctuations m the leA'el of inorganic sulphate and of 
chloiides might run a parallel couise Howevei, this is apparently not 
the case As many of these patients had been on salt-free diets foi 
vaijung lengths of time, it seems possible that diffeient results might be 
obtained undei other dietary conditions 

In normal human blood, the concentiation of inorganic sulphate m 
plasma is usually about double that found in whole blood , as the concen- 
tration of this constituent rises, the concentration in the whole blood 


8 Denis, W J Biol Chein 49 311, 1921 

9 Denis W , and Reed, L J Biol Chem 73 41, 1927 
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inci eases more rapidly than in the plasma, indicating, appaiently, the 
diffusion of sulphate into the noimally sulphate-free corpuscles The 
lesult IS that in patients showing marked retention the concentration of 
11101 game sulphate in whole blood and in plasma may be approximate!} 
equal In this connection, it may not be out of place to call attention to 
the work of DeBoei/® who has demonstiated experimentally that at a 
concentration of carbon dioxide well within physiologic limits the coi- 
puscles of the horse aie capable of absorbing sodium sulphate added to 
blood 

The concentration of etheieal sulphate in noimal human blood is, 
m the majority of specimens examined, consideiably gieatei in plasma 
than in whole blood, although occasionally the reverse is true The 
fluctuations in the figures for this fi action found in the specimen of 
pathologic blood do not in any way appear to beai a diiect relation to 
the changes observed in the concentration of the inorganic sulphate oi 
of the neutral sulphate fractions As at piesent theie is not diiect 
evidence to indicate the origin oi function of this fi action, speculation 
on the point would appear fiuitless, and we theiefore feel justified m 
merely placing the results on record 

In the noimal person, the neutial sulphate fi action appeals to be 
found in greatest concentration m the corpuscles As shown by the 
higher values obtained m whole blood as compared to those found in 
the analysis of plasma, the same general i elation appeals to hold in the 
pathologic specimens examined, while with letention of inorganic 
sulphates concentiation of neutial sulphate somewhat above the normal 
IS sometimes found, this is not the lule In two specimens (numbeis 
7 and 5), a greatly increased amount of the neutial sulphur fraction 
was found Both of these specimens of blood were taken from patients 
who died a little latei, and it is possible that in these cases oxidation 
within the corpuscles was progressing at a subnoimal late 

CASE HISTORIES IN ABSTRACT 

In cases 1, 2 and 3, the subjects weie normal young adult males 
The histones of the rest of the cases in the ordei given in table 1 follow 

Case 4 (laboratory specimens numbers 6 and 9 in table 1) — S P, a white 
swamp woodsman, aged 44, came to us with a generalized anasarca, which included 
puffiness about the eyes He also complained of frequency of micturition, nocturia, 
cramps in the legs at night, vertigo, amblyopia, drowsiness and vomiting The 
clinical picture suggested a nephritis of the type that causes retention of salt and 
water Besides the evidence substantiating the complaints, pallor and pastiness, 
flabby musculature, carious infected roots of the teeth, chronic septic tonsillitis, 
slight enlargement of the heart and increase m the retromanubnal dulness, metallic 
valvular heart sounds, sinus tachycardia an aortic systolic murmur, slight periph- 

10 DeBoer, S J Physiol 51 211, 1917 



390 


ARCHIT^ES OF lh'TER\'AL MEDICINE 


eral sclerosis and an ele\ated blood pressure of 180 mm of mercury systolic and 
100 mm of mercury diastolic were present 

The urine varied in specific gravity from 1 005 to 1 012 and contained from 
2 to 30 per cent of moist albumin with h} aline and granular casts The excretion 
of phenolsulphonphthalein was from IS to 40 per cent in two hours Chemical 
analj’^ses of the blood revealed nonprotein nitrogen, 36 to 68 mg , cholesterol 
132 and 198 mg, and chlorides, from 730 to 760 mg The blood showed a high 
grade of secondary anemia and eosinophilia A heavy infection with Strongy- 
lotdes was present Nephrosis with a large white kidney was suspected, but 
operation for bilateral decapsulation revealed small red granular organs The 
therapeutic response to diets poor in salt was fairly good, but the response to 
diuretics, especially methaphen, was spectacular The patient would leave the 
hospital only to return with a recurrence The patient died in uremia 

The diagnosis was chronic nephritis with edema uremia and secondary 
damage to the heart and vessels 

Case 5 (numbers 7 and 14 in table 1) — A H P , a white night watchman, aged 
65, suffered from paroxysmal attacks of severe nocturnal dyspnea, cardiac asthma, 
some dyspnea on exertion, pain in the left side of the chest on deep inspiration, 
weakness, edema of the dependent parts and hemoptysis The milder symptoms 
of cardiac failure had been present for two years, but the grave manifestations 
had been present for only about four months The patient was obese and 
hypersthenic, with conspicuous cyanosis of the lips and mucous membranes, 
telangiectasis, xanthelasma, engorgement of the veins of the neck, enlargement 
of the heart, an apical systolic murmur, occasional premature contractions, sinus 
tachycardia, practically unchanged peripheral blood vessels and a blood pressure 
of 130 systolic and 100 diastolic Rales were heard at the bases of the lungs , the 
liver was enlarged, and edema was present in the dependent parts 

The urine varied in specific gravity from 1 015 to 1 022 and contained a trace 
of albumin and hyaline casts The excretion of phenolsulphonphthalein was 40 
per cent in two hours The blood chemistry was reported normal , nonprotein 
nitrogen, 33 mg , uric acid, 3 mg , blood sugar, 152 mg Roentgenograms taken 
at a distance of 2 meters showed a cardiac shadow measuring 192 cm across 
and an aortic hemicircle of 5 1 cm The electrocardiograms showed minute com- 
plexes and right and left ventricular ectopic complexes 

The diagnosis was heart failure with edema and congestion of the lungs, liver 
and kidneys, myocardial insufficiency from a probable adhesive pericarditis 
The patient died, but permission for autopsy was refused 
Case 6 (number 6 in table 1) — G J, a white lumberjack, aged 38, was 
troubled with vertigo, headaches, pain in the right flank, bloody urine and occa- 
sionally sudden attacks of unconsciousness and blindness, weakness and palpita- 
tion His symptoms had been intermittently present for about eighteen months 
and had gradually increased in seventy and in frequency Overexertion seemed 
to be a precipitating factor 

The patient presented a robust appearance A chronic suppurative otitis media 
and a chronic sinusitis were present The heart vas enlarged, and the retro- 
manubrial dulness uas increased The aortic second sound was loudly accen- 
tuated Significant murmurs were not heard The brachial and radial arteries 
were slighth, if at all, sclerosed The blood pressure was as high as 220 systolic 
and 106 diastolic and a^eraged 190 sjstolic and 80 diastolic The liver was just 
palpable and vas slightlj tender, and the kidnejs, especially the right, were 
sensitue to pressure 
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The urine showed a specific gravity of 1 016 and contained a heavy trace of 
albumin, blood and granular and hyaline casts Ureteral catheterization revealed 
the right kidney to be the source of the blood The excretion of phenolsulphon- 
phthalein in two hours was 95 per cent at one test and 25 per cent at one test 
The blood chemistry on two occasions was nonprotein nitrogen, 36 and 38 , urea 
nitrogen, 18 and 19 , uric acid, 3 8 , calcium, 1 2 and 1 4 and blood sugar, 85 
and 80 mg The Wassermann reaction was negative A secondary anemia was 
present The patient improved The diagnosis was subacute hemorrhagic 
nephritis 

Case 7 (number 33 in table 1) — H , a negro laborer, aged 66, entered the 
hospital because of a strangulated right inguinal hernia, and was operated on 
Slight edema of the dependent parts, enlargement of the abdomen, oliguria and 
shortness of breath developed postoperatively, even though the patient remained 
in bed 

Icterus of the sclerae, moderate anasarca, rales at the bases of the lungs and 
ascites were the evidences of congestive heart failure with edema The heart 
was enlarged, abnormal basal pulsation was noted and the retromanubnal dulness 
was increased Sinus tachycardia and aortic diastolic and apical systolic murmurs 
were heard The blood pressure was 220 systolic and 100 diastolic 

The urine show'ed a specific gravity of 1 020 and contained a trace of albumin 
with many granular and hyaline casts The phenolsulphonphthalem excretion was 
50 per cent at one test and 25 per cent once m the two hour period The blood 
chemical analysis show'ed nonprotein nitrogen, 60 and 40 , calcium, 1 3 and 1 1 , 
chlorides, 640 and 730 mg , and carbon dioxide, 66 volumes per cent The 
Wassermann reaction was negative on two occasions The blood showed a 
secondary anemia The ascitic fluid that was frequently removed had the 
characteristics of a transudate The electrocardiograms showed a great left 
ventricular predominance 

The diagnosis w^as congestive heart failure with edema and ascites and syphil- 
itic aortic regurgitation 

Case 8 (number 16 in table 1) — N B, a Scotch physician and soldier of 
fortune, aged 70, began to have symptoms of cardiac failure following influenzal 
pneumonia In spite of pollakiuria, he began to have swelling of the extremities 
and abdomen accompanied by dyspnea and nausea The symptoms continued and 
increased in spite of adequate therapy 

Besides the symptoms described, a generalized anasarca and a distended 
abdomen, moderate cyanosis and orthopnea, congestion of the veins of the neck, 
enlargement of the heart, accentuation of the aortic second sound, no significant 
murmur, rales at the bases of the lungs, an enlarged and tender liver and ascites 
were present The peripheral vessels apparently w^ere not abnormal The blood 
pressure was 190 systolic and 122 diastolic 

The urine showed a specific gravity of 1 018 and contained 2 per cent moist 
albumin, hyaline and fine granular casts, many pus cells and red blood cells 
The test for diuresis showed the ability of the kidney to concentrate 1 022, but 
an inability to secrete much urine The excretion of phenolsulphonphthalem was 
IS per cent The blood chemistry was reported as follows nonprotein nitrogen, 
54, uric acid, 4, calcium, 1 5 The icterus index was 10 The direct and indirect 
van den Bergh tests w^ere positive Polymorphonuclear leukocytosis was present 
The roentgenogram show’ed an aortic hemicircle of 5 7 cm and a transverse heart 
measurement of 17 5 cm The electrocardiograms showed a left ventricular 
predominance 
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The diagnosis was cardiac failure, chronic m\ocarditis, chronic nephritis 
and hjpertension 

C\SE 9 (number 13 m table 1) — G an Acadian farmer, aged 45, came 
to the hospital because of a chronic cough with expectoration and asthmatic 
wheezing His trouble had begun with attacks of bronchitis during the pre\ioub 
five winters The attacks had become more and more persistent, and shortness 
of breath and edema of the extremities appeared 

The patient presented the signs of a chronic asthmatic bronchitis, emplnsema 
and sibilant and sonorous rales The heart was apparenth not enlarged the 
sounds were distant, the blood pressure was 130 svstolic and 90 diastolic the 
peripheral vessels were slightlj sclerosed The liver was just palpable and was 
shghtlv' tender Slight edema was present m the pretibial tissues 

The specific gravitv of the urine was 1020, it contained a slight trace ot 
albumin and a few hv aline and granular casts The excretion ot phenolsulphon- 
phthalem was 45 per cent m two hours The blood chemistrv rev ealed a nonprotem 
nitrogen of 40 mg 

The diagnosis vv as asthmatic bronchitis, emphv sema and chronic nephritis 
CvsE 10 (number 23 m table 1) — E J a negress, aged 23, m the sixth month 
of her first pregnancv, began to vomit, suflter headaches and have convulsions 
She had not had anv previous svmptoms — no urinarv disturbance or edema and 
no known serious infectious disease that might have been an etiologic factor for 
renal damage 

The eves were prominent but otherwise not abnormal Foci of infection were 
not m evidence m the nose and throat The heart was not definiteh enlarged 
and nothing significant was observed The blood pressure ranged from 210 
svstohc and 140 diastolic down to 190 svstolic and 120 diastolic Dulness in the 
liver area was diminished, and the uterus was enlarged to the size for a six months 
pregnancv Edema was not present 

The urine v aried in specific gravitv from 1 005 to 1 030 and contained from 
10 to 20 per cent moist albumin, red blood cells and hv aline casts The excretion 
ot phenolsulphonphthalein was 50 per cent in two hours The blood chemical 
anal} sis revealed nonprotem nitrogen 30 , uric acid, 4 calcium, 1 2 chloride 
409 mg per hundred cubic centimeters The Wassermann reaction was negative 
■knemia was not present Electrocardiograms showed sinus taclncardia but did 
not show predominance Venesection with the repeated withdrawal of 500 cc 
ot blood, and even the discharge of the fetus did not produce anv significant 
change in the hvpertension 

The diagnosis was eclampsia, toxemia ot pregnancv, acute hemorrhagic 
nephritis with gross hematuria and hvpertension 

CvsE 11 (number 31 in table 1) — W M , an American storekeeper aged 37, had 
been troubled for a vear with pains in the head, the right flank the perineum and 
the genitals, with hematuria The throbbing occipital headache at times became 
almost unbearable, at such times with vertigo spots appeared before the eves 
and the hematuria became most severe Intermittence was noticed m the severitv 
of svmptoms Some dvspnea on exertion or excitement and nocturia had been 
noted The svmptoms were aggravated bv food The patient had had four 
attacks of renal colic m which gravel had been present m the urine from eight to 
SIX vears before the present illness Gonorrhea when he was 20 pneumonia in 
the same }ear a questionable lesion on the penis when he was 30 and four still- 
births in the familv were considered significant points in the historv 

The face vvas flushed and the evelids were puffv The temporal arteries were 
tortuous and the brachial and radial arteries slightlv thickened The blood pre»- 
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sure was 290 systolic and 190 diastolic, it ranged as low as 220 systolic and 140 
diastolic The heart was slightly enlarged, the apex extending as much as 2 cm 
outside the midclavicular line, the aortic second sound was ringing, but no mur- 
murs were heard 

The urine showed a specific gravity of 1 018 and contained 1 per cent moist 
albumin, red blood cells and occasional pus cells The excretion of phenol- 
su'phonphthalein was 50 per cent in two hours The blood nonprotein nitrogen was 
32 mg and the chlorides, 472 mg Anemia was not present The Wassermann 
reaction was negative 

The diagnosis \vas hyperpiesia, nephritis (’) and early arteriosclerosis 
Case 12 (number 22 m table 1) — W E G, a white stationary engineer, aged 
58, had had headaches, vertigo, positive scotomas, cough, dyspnea, weakness and 
pollakiuria The sjmptoms had caused him to change his occupation to that of 
night w'atchman two years before admission He had knowm that he had high 
blood pressure at the age of 48 He had had two attacks of pneumonia and 
typhoid fever and gonorrhea 

He presented slight pallor, puffiness about the eyes, conspicuous sclerosis of 
the temporal, brachial, radial and retinal arteries, enlargement of the heart, 
accentuation of the aortic second sound and a blood pressure of 240 systolic and 
135 diastolic 

The specific gravity of the urine varied from 1 010 to 1 015 , the urine con- 
tained a slight trace of albumin and hyaline and granular casts wuth occasional 
red blood cells The concentration test for diuresis indicated an inability to 
secrete urine The excretion of phenolsulphonphthalem was 30 per cent, the 
nonprotem nitrogen, 45 , uric acid, 2 , calcium, 1 3 and blood sugar, 95 mg The 
Wassermann reaction w'as negative Significant anemia was not present Electro- 
cardiograms showed left ventricular predominance The diagnosis was hyper- 
piesia, arteriosclerosis, chronic myocarditis and chronic nephritis 

Cask 13 (number 11 in table 1) — J D , a white milk pedler, aged 31, presented 
himself at the clinic because of swelling of the abdomen and intermittent 
swelling of the legs, oliguria and diarrhea He had had measles, mumps, whoop- 
ing cough and gonorrhea, and had had a chronic addiction to alcohol 

The facies were typically hepatic w'lth spider angiomas m the skin of the face 
and chest Icterus of the sclerae, and crowned teeth which showed poor care, 
were present, the peripheral arteries w'ere not sclerosed, the blood pressure was 
110 systolic and 65 diastolic The heart w'as displaced upward, with an accen- 
tuated pulmonic second sound The lungs were slightly compressed , the abdomen 
was distended with ascitic transudate, the liver was enlarged, with superficial 
venous engorgement, but hemorrhoids were not present Slight edema was found 
in the pretibial tissues 

The urine show'ed a specific gra\itj of 1030 and contained urobilin and bile 
pigments The stools contained bile The blood serum contained some pigment 
The ascitic transudate was removed, and on the administration of alkali, iodides 
and merbaphen, the patient improved remarkably 

Ihe diagnosis was alcoholic and, questionably syphilitic, cirrhosis of the liver 
Case 14 (number 24 in table 1) — S W , a negress, aged 26, came to the 
hospital because of swelling of the abdomen and legs, a dry cough, dyspnea, 
vertigo, nausea, vomiting and nocturia She was eight months pregnant and had 
had spontaneous miscarriages and one interrupted pregnancj 

The face was slightly puffy, and the expression was anxious Some respiratory 
distress was evident The heart w'as at the upper limit of normal in sire, and an 
apical systolic sound, an accentuated pulmonic second sound and a blood pressure 
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of 204 s}’'stoIic and 120 diastolic nere noted The abdomen was enlarged b\ the 
gravid uterus and a questionable ascites The extremities were edematous 

The urine showed a specific gravity of 1 014 and contained 2 per cent albumin, 
hyaline casts and red blood cells The concentration test for diuresis gave 
evidence of some difficulty in concentrating The excretion of phenolsulphon- 
phthalein was 45 per cent The nonprotein nitrogen v\ as 25 mg and the chlorides, 
528 mg The electrocardiogram showed left ventricular predominance, sinus 
tachycardia, and changes m the T wave The Wassermann reaction was variable 

Venesection vv'as of temporary' benefit The deliver} of twins gave some relief 

The diagnosis was eclairipsia (nephritic) toxemia of pregnancy and myocar- 
dial insufficiency (?) 

Case 15 (number 26 m table 1 ) — C J , a negro laborer, aged about 60, was 
admitted to the hospital because of inability to walk For a year he had been 
completely disabled with pains in the muscle joints and the girdle region, vertigo, 
headaches, forgetfulness, difficulty in articulation, incontinence of urine, tremors 
of the hands and feet, inability to walk, because of falling forward when 
attempting to do so, and dyspnea and swelling of the feet and legs at times He 
had not had v'enereal disease 

He presented a shufflng gait, staccato speech, fine tremor of the lips, tongue, 
hands and feet, diminution of the knee reflexes, fixation of the pupils, arcus 
seniles and well defined peripheral arteriosclerosis The blood pressure was 150 
systolic and 100 diastolic, the heart was enlarged to the left and downward 
Slight edema was present in the pretibial tissues 

The urine showed a specific gravity of 1 012 and contained a trace of albumin 
and a few hyaline casts The excretion of phenolsulphonphthalem was 40 per 
cent in two hours The blood chemistrv showed a nonprotein nitrogen value of 
37 mg The Wassermann reaction was negative Electrocardiograms showed 
left ventricular preponderance and frequent auricular right and left ventricular 
ectopic beats and slight tachycardia 

The patient was given six doses of 06 Gm of neoarsphenamine followed by a 
course of mixed treatment He was discharged with the diagnosis of general 
arteriosclerosis, chronic myocarditis, arteriosclerotic or syphilitic taboparesis ( ?) 

Case 16 (number 21 in table 1) — B, a white upholsterer, aged 62, suffered 
from cough and paroxysmal dyspnea at night, which began suddenly six months 
before examination when he was awakened with the sensation of drowning The 
administration of epinephrine reliev^ed him of the attack, but weakness, palpita- 
tion and dyspnea on slight exertion became noticeable Cough, hemoptysis, 
epistaxis, nocturia, puffiness about the eyes and severe attacks of paroxysmal 
dvspnea recurred in a month at intervals of three and two weeks and then 
practically nightly 

Malaria, typhoid fev'er, dysentery, gonorrhea, buboes and syphilitic infection 
at 21 }ears and chronic alcoholism were etiologic factors 

The patient was small and emaciated and presented prominent and tortuous 
temporal, brachial and radial arteries and pulmonary emphysema with asthmatic 
bronchitis Enlargement of the heart, accentuation of the aortic second sound 
and blood pressures of 210 systolic and 125 diastolic and 180 svstohc and 105 
diastolic were present 

The urine showed a low specific gravity of 1010 and contained 4 per cent 
albumin and many h} aline and coarsely granular casts The excretion of phenol- 
sulphonphthalein vv as 50 per cent The blood chemistrv w as nonprotem nitrogen, 
34 , urea nitrogen, 17, uric acid, 3 1 calcium 1 3 and blood sugar, 95 mg Electro- 
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cardiograms showed left ventricular preponderance and suggestive evidence of 
defective intraventricular conduction 

The diagnosis was hj pertension, advanced arteriosclerosis, chronic nephritis, 
chronic myocarditis, asthmatic bronchitis, pulmonary emphysema and edema 
Case 17 (number 29 in table 1) — W R, a negro laborer, aged 38, with a 
history of syphilitic infection, presented sjmptoms and signs of vascular involve- 
ment of the central nervous system, vertigo, headaches, disturbance of speech, 
weaknss in the left arm and both legs with palpitation, enlarged heart, an apical 
systolic murmur, a ringing aortic second sound, tortuous and thickened brachial 
and radial arteries and a blood pressure of 260 systolic and 160 diastolic 

The urine showed a specific gravity of 1 020 and contained on one occasion 
a trace of sugar and at other times a trace of albumin and a few pus cells The 
excretion of phenolsulphonphthalem was 60 per cent in two hours The blood 
chemical analysis showed nonprotein nitrogen, 34 mg , uric acid, 4 mg , calcium, 
13 mg and blood sugar, 90 mg The Wassermann reaction m the blood was 
strongly positive The spinal fluid was negative The roentgenogram taken at a 
distance of 2 meters showed the transverse diameter of the heart to be 16 1 cm 
and that of the aortic hemicircle to be 5 2 cm Electrocardiograms gave evidence 
of left ventricular predominance Ophthalmoscopic examination revealed silver 
wire arteries and dilated veins in the fundus 

The diagnosis was hyperpiesia, arteriosclerosis, especially of the cerebral 
vessels, and relatively' little renal impairment 

Case 18 (number 32 in table 1) — F W, a white farmer, aged 47, noted 
numbness of the feet for a year, then nocturnal dyspnea, occipital headaches, 
increasing listlessness and weakness, palpitation and intermittence of heart action 
and loss of weight 

The patient presented generalized lymphadenitis The pupillary reactions to 
light were sluggish The chest w'as rachitic, the heart moderately enlarged, the 
aortic second sound was accentuated and slightly' ringing, the brachial and radial 
arteries were thickened and the retinal arteries small The blood pressure was 
210 sy'stolic and 165 diastolic and 180 sy'stolic and 100 diastolic Slight edema 
of the ankles was noted 

The specific gravity of the urine ^ aried in the concentration test between 1 008 
and 1 017, and a hea\'y trace of albumin and finely granular and hyaline casts 
were found The excretion of phenolsulphonphthalem was 60 per cent The 
blood chemistry studies revealed nonprotem nitrogen, 60 , uric acid, 3 5 , calcium, 
16, blood sugar, 100 and chlorides, 492 mg The Wassermann reaction was 
negative A slight secondary anemia was present The electrocardiograms showed 
small complexes and a slight left ventricular predominance 

The diagnosis was hy'perpiesia, arteriosclerosis and chronic nephritis 
Case 19 (number 12 in table 1) — W M, a white pipefitter, aged 33, was 
admitted to the hospital because of intense persistent jaundice, pruritus and 
weakness Four years previously he had been operated on for appendicitis, a 
year later for adhesions and in another year for gallstones Four days after the 
last operation, jaundice appeared and persisted This was one year previous to 
admission A few months later, he became jaundiced He bled so severely fol- 
lowing the extraction of a tooth that transfusion of blood was necessary The 
jaundice apparently disappeared spontaneously for a few months after this, only 
to reappear at the sixth month, associated with enlargement of the liver, pruritus, 
blurring of vision and loss of weight 

He presented deep jaundice of the sclerae, mucous membranes and skin The 
heart was not enlarged, and the vessel walls were soft The heart rate was 86 a 
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minute, and the blood pressure was 108 systolic and 70 diastolic Some abdominal 
tenderness, an enlarged, smooth liver and an irregular fever were noted 

The specific gravity of the urine was 1 025 and bile, a trace of albumin and 
epithelial and occasional pus cells were noted The excretion of phenolsulphon- 
phthalein was 65 per cent in two hours The blood chemical analyses showed 
nonprotein nitrogen, 70, calcium, 12, chlorides, 560, blood sugar 90 mg, and 
carbon dioxide, 74 volume per cent The Wassermann reaction was negative , the 
icterus and index v as 100 times that of the normal , a slight leukocjdosis of 13,500 
was present, and bile was absent from the stool 

The diagnosis was complete obstructive jaundice of mechanical origin 
Case 20 (number 35 in table 1) — F B, a white carpenter, aged 75, was 
admitted to the hospital for the last time in his fifth attack of generalized edema 
He had had dyspnea and cardiac weakness for two and a half 3 'ears, with con- 
gestive failure at intervals and especiallj’^ after any undue exertion 

Besides general anasarca, he presented orthopnea, cyanosis, engorged veins 
in the neck, emphysema, great cardiac enlargement, blurting prolongation of the 
mitral first sound and a distinctly accentuated aortic second sound The blood 
pressure was 185 sj'stolic and 135 diastolic, the lungs were emphysematous and 
moist, the abdomen was tense with ascites, the liver was enlarged, and the 
extremities were dropsical 

The urine showed a specific gravity of 1 012 and contained a slight trace of 
albumin with many hyaline and granular casts The excretion of phenolsulphon- 
phthalein was 17 per cent in two hours The nonprotein nitrogen was 50, uric 
acid, 4, calcium, 1 8 and blood sugar, 90 mg The electrocardiogram showed com- 
plete block of the right bundle branch The patient died 

The diagnosis was congestive heart failure, chronic mjmcarditis, chronic 
nephritis and hypertension 

Case 21 (number 25 in table 1) — G L, a bartender, aged 59, w'as brought into 
the hospital practically comatose with general anasarca He had been troubled 
with dyspnea, palpitation and tachycardia, abdominal swelling and oliguria He 
had been a chronic drinker of beer 

Besides generalized edema, he presented orthopnea, cj^anosis, engorgement of 
the veins m the neck, an enlarged heart, a sj'stolic murmur, a rapid regular heart 
rhjthm that could be slowed by pressure on the vagus, slight peripheral arterio- 
sclerosis, a blood pressure of 160 systolic and 110 diastolic, questionable enlarge- 
ment of the liver and ascites 

The urine showed a specific gravit)' of 1 022 and contained a trace of albumin, a 
few hyaline casts and red blood cells The excretion of phenolsulphonphthalein 
was 25 per cent in tw'o hours The blood chemistry showed nonprotem nitrogen, 
78 and clilorides, 450 mg The Wasserman reaction was negative Electrocardio- 
grams showed auricular flutter and, after digitalization, impure flutter and finallj" 
fibrillation, which persisted The patient died of extreme congestive cardiac 
failure 

The diagnosis was congestive heart failure with general anasarca, chronic 
myocarditis, chronic nephritis, l^pertension, auricular flutter and fibrillation 
Case 22 (number 27 in table 1) — C W, a negro laborer, aged 42, was admitted 
because of sw'elling of the body, headache, some cough and dyspnea He had 
had previous attacks of edema, but none as severe as the one w'hich had brought 
him to the hospital and which had been increasing slowdy in severity for several 
w'eeks He had had gonorrhea and a probable syphilitic infection wdien he w'as 
} ounger 
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Besides puffiness of tlie face, he presented moderate edema of the lower 
extremities, enlargement of the heart, accentuation of the aortic second sound and 
a slight aortic systolic murmur, slight sclerosis of the peripheral arteries and a 
blood pressure of 162 systolic and 92 diastolic 

The urine showed a specific gravity of 1 012 and contained 2 per cent albumin, 
many hyaline and granular casts and an occasional red blood cell The blood 
chemical studies revealed nonprotein nitrogen, 82 and chlorides 410 mg The 
Wassermann reaction was positive A mild secondary anemia was present 

The diagnosis was syphilitic aortitis, chrome myocarditis and chronic nephritis 
with hypertension and edema 

Case 23 (number T 5 in table 1) — J K, a white cook on a ship, aged SO, 
entered the clinic because of edema of the legs and genitals Previous but less 
extensive dropsical states had been experienced during the preceding two years, 
together with increasing dyspnea, orthopnea, weakness, headache, vertigo and 
persistent cough A syphilitic infection when he was 30, although he had been 
treated by injections for seven months, must have been an etiologic factor 

He presented pallor, pastiness, puffy eyelids, cardiac enlargement, accentuated 
aortic second sound, a pericardial rub, occasional ectopic heart beats, a blood 
pressure of 225 systolic, 120 diastolic, edema of the lungs, hydrothorax, ascites 
and anasarca 

The urine varied in specific gravity from 1 010 to 1 020 and in albumin con- 
tent from 16 to 40 per cent A few hyaline and coarsely granular casts were 
present The excretions of phenolsulphonphthalem was, respectively, 15 per cent, 
20 per cent and 40 per cent in two hour periods Blood chemical studies revealed 
nonprotem nitrogen, 62 and 50, urea nitrogen, 29, calcium, 2 5 , blood sugar, 95 and 
chlorides, 644 High grade secondary anemia and leukocytosis were present The 
electrocardiograms showed left ventricular predominance and changes in the 
T wave 

At autopsy, the kidneys weighed 240 Gm each and showed a narrow cortex, 
injected blood vessels, small cj^sts, increased connective tissue and casts in the 
tubules 

The diagnosis was acute exacerbation of a chronic nephritis, hj'pertension 
and chronic myocarditis with congestive heart failure 

Case 24 (number 36 in table 1 ) — E B , a white telephone operator, aged 44, 
had fallen unconscious in his quarters for the third time He had previously been 
admitted to the clinic in coma, with paresis and pain m the left arm and leg 
Severe headache, dizziness, weakness and numbness and short periods of uncon- 
sciousness had been troublesome for years Dyspnea and precordial pain had been 
noted for a j^ear He had had acute nephritis followng scarlet fever at the age 
of 8 and had had hypertension ever since His father, mother and six sisters had 
died of disease of the kidneys 

The patient presented nephritic facies with a definite exophthalmos and dilated 
1 enules of the skin Other symptoms included carious teeth , cardiac enlargement , 
accentuated aortic second sounds , slight arteriosclerosis , a labile hypertension 
ranging from 270 systolic and 160 diastolic down to 165 systolic and 105 diastolic , 
emphysematous lungs, amputation of the left foot and slight edema of the 
extremities 

The urine showed a specific gravity of 1 012 and contained 12 per cent moist 
albumin and many hyaline and granular casts The excretion of phenolsulphon- 
phthalem w as 5 per cent and 0 per cent in two hours The blood chemistry studies 
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repealed nonprotein nitrogen, 95 urea nitrogen, 45, calcium, 4 4 The Wasser- 
mann reaction -was negatne The patient impro\ed on the administration of 
benz\l succinate. 

The diagnosis \ as chronic nephritis, h>pertension and cerebral angiospasm 

C\SE 25 (number 2 in table 1) — B S, an Acadian fisherman, aged 65, came 
to the clinic at Chant} Hospital because of chronic persistent headache, dizziness, 
i\eak spells, shortness of breath and swelling of the feet and legs He had had 
these s}mptoms for a }ear, but there bad been a definite increase in the seienU 
of his troubles Palpitation and d}spnea were noted on slight exertion, and 
occasional!} he had parox}smal attacks of smothering asthma He frequentl} 
suffered from nausea, but ne\er %omited He was chromcall} constipated 
Unnar} f requeue} e^er} hall hour or e\er} hour night and da} troubled him 
considerabl} His light-headed sensation was extreme at times, and he “fell 
out’ but neier lost consciousness The administration of ghcer}! trinitrate and 
am}l nitrite relieied his headache 

He presented the usual signs oi senilm but eiidences of discomfort were 
not seen Arcus senilis was present in each e}e The mouth contained a few 
remaining carious snags, but not an} sound teeth The cardiac dulness was 
definitel} increased The aortic and mitral second sounds were loudl} accen- 
tuated A bloving s^stollc murmur was heard, and an occasional premature con- 
traction disturbed the rh}'thm The peripheral blood \essels were definitel} 
sclerosed The blood pressure was 280 s}stolic, 140 diastolic, but dropped 
to 260 s}Stolic, 125 diastolic and later to 230 s}stohc and 120 diastolic, with the 
administration of apothesine, intrathecal!}, the drop in blood pressure was from 
250 s}stohc, 140 diastolic to 201 s}stolic, 110 diastolic in twent}-fi\e minutes 
The luer was enlarged but not tender Slight edema was present in the prctibial 
tissues 

The urine was clear and acid in reaction, the specific grant} was 1012, it did 
not contain albumin or casts The excretion of phenolsulphonphthalein was 20 
per cent in two hours The chemical anahses of the blood re\ealed nonprotein 
nitrogen, mg per hundred cubic centimeters, urea nitrogen, 12, uric acid, 40 
and calcium, 1 2 The Wassermann reactions with the blood and spinal fluid were 
negati\e Electrocardiograms showed lett %entricular predominance with junc- 
tional and auricular ectopic beats 

The diagnosis was h\perp!esia arteriosclerosis, chronic m}ocarditis and 
chronic nephritis 

CxsE 26 ("number 30 m table 1)) — A S, an American clerk, unmarried, aged 
62, came to the hospital because of -vomiting and faintness Definite s}mptoms 
had not been present until the day before admission, when an attack of nausea, 
dizziness, faintness and s}ncope occurred He had had gradual failing of -vision 
and spots before his e}es and seiere headaches ever} morning associated with 
nausea and occasional vomiting One }ear before admission, v hile working, he 
had a severe attack of vertigo which vas followed b} a tree epistaxis which con- 
tinued for about eight hours He was relieved of the s}mptoms for several 
weeks Withm the }ear before admission, he had had eight or ten attacks of 
palpitat’on vhich came on suddenh and lasted five or ten minutes but did not 
reappear agam for about a month He had had frequenc} of micturition for 
manv vears He had had Uphold fever at 10 }ears of age acute rheumatic fever 
at 12 pneumonia at 15 and influenza in 1918 

The patient was decrepit His heart was somewhat enlarged The aortic 
second sound was loud and metallic The sounds at the ape.x were short and 
slight!} valvu’ar Blood pressure had been as high as 250 s}stolic 155 diastolic 
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and as low as 200 syslohc, 120 diastolic The lungs were emphysematous The 
abdomen showed conspicuous abdominal breathing and scars m each groin The 
radial and brachial arteries were increased in size and were tortuous and thickened 
Some edema was present iii the pretibial tissues 

The urine showed a specific gravity of 1 010 and contained 1 per cent albumin 
and many hyaline and granular casts Blood chemical determinations showed 
nonprotein nitrogen, 84, urea nitrogen, 50, unc acid, 4, calcium, 3, blood sugar, 
90 mg The blood Wassermann reaction was negative The blood picture showed 
a slight secondary anemia 

The diagnosis was hyperpiesia, arteriosclerosis, chronic myocarditis and 
chronic nephritis 

Case 27 (number 3 in table 1 ) ) — W H , a white unmarried millwright, aged 
59, came to the hospital because of swelling of the feet, ankles and abdomen and 
shortness of breath His first symptoms, slight swelling of the abdomen and 
shortness of breath, were noted seven months previously After his abdomen 
began to swell, he noted smothering spells on straining at stool and urination 
The edema, especially the puffiness about the eyelids and the swelling of the 
genitals and even some of the waterlogging of the legs would at first disappear 
on rest m bed, but gradually the symptoms would not respond to the rest treat- 
ment At times, the dyspnea was so severe that the patient was orthopneic He 
had had a sore, which was presumably a syphilitic lesion, at the age of 24 At 
the age of 48, he took four injections of arsphenamine He had had frequency of 
urination, urinating from eight to ten times a day and from five to six times at 
night The urine had been smoky at times 

Physical examination revealed a more or less general anasarca, with puffiness 
of the face as well as the dependent parts The heart was slightb overactive and 
distinctly enlarged A faint systolic murmur was heard at the apex The aortic 
second sound was accentuated The blood pressure which was 180 systolic and 
135 diastolic on admission dropped to 165 systolic and 105 diastolic The rhythm 
of the heart was made irregular at times by premature contractions The lungs 
■were emphysematous The abdomen was enlarged The fluid waA^es were evident 
The liver was not palpable The spleen Avas palpable on deep inspiration 

The urine contained 2 per cent albumin, hyaline and fine and coarse granular 
casts and a few pus cells The specific gravity was 1 010 and 1 014 The excretion 
of phenolsulphonphthalem Avas 5 per cent in two hours The blood shoAved a 
secondary anemia, a definite retention of nitrogen, nonprotein nitrogen, 90, urea 
nitrogen, 55, uric acid, 56, calcium, 3 2 mg The blood Wassermann reaction Avas 
negative The electrocardiogram shoAved negative T Avaves in lead I and left 
ventricular predominance The patient Avas given cathartics, and abdominal 
paracentesis was done Avith the removal of about 10 liters of fluid on Oct 20, 1926 
On October 25, the edema Avas subsiding On October 27, practically all of the 
edema had disappeared The patient continued on a salt-free diet, but dyspnea on 
exertion continued 

The diagnosis Avas chronic nephritis and hypertension and chronic myocarditis 
Avith congestive failure 

Case 28 (number 28 in table 1) — F P , a negro farmer, aged 24, Avas brought 
to the hospital complaining of swelling of the feet and legs Avhich had been 
present for ten Aveeks and which had occurred in tAvo previous attacks in the 
two preceding winters Besides edema of the extremities, abdomen and face, he 
had had dull headache, positive scotomas, abdominal pain and oliguria In the 
past he had had pneumonia, gonorrhea and syphilis For three generations, a 
total of seven of his relatives had died in a dropsical condition 
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He presented generalized anasarca, with puffiness of the face and distention 
of the abdomen The retinal arteries were markedlj tortuous ^\ith widened 
arterial bands The peripheral vessels were onlj slight!} thickened The blood 
pressure w^as 185 s}stohc and 134 diastolic, the heart w'as enlarged, with an 
accentuated second sound, but without significant murmurs Striae were con- 
spicuous o^er the abdomen, asates, an enlarged h\er, and tenderness W'ere also 
found 

The specific granty of the urine -varied between 1005 and 1010, it contained 
from 20 to 23 per cent moist albumin, h} aline and granular casts, pus and red 
blood cells were found The excretion of phenolsulphonphthalein was 5 and 8 
per cent There were limitations of the concentration test for diuresis in both 
processes Blood chemical studies show’ed nonprotein nitrogen, 99 and 125, unc 
acid, 4, calaum, 1 8 and blood sugar, 100 and 95 mg per 100 cc. 

The diagnosis was chronic nephritis with edema and hvpertension 

At autopsy, the kidneys were pale pink and firm with increased connective 
tissue and contraction of the cortex The capsules stripped with difficult}, leaving 
an irregular!} granular surface. 

Case 29 (number 7 m table) — E S , an Italian spinner, aged 20, came to the 
hospital because of weakness, drowsiness and shortness of breath He had not 
worked for several }ears Three }ears before he came to the hospital, his left 
kidney had been removed for abscess He had also had his tonsils removed, but 
he never did recover In August, 1926, he began to feel weak, and his feet and 
ankles swelled moderate!} Shortness of breath suddenly developed and was 
noted even when he was quietly walking about He continued to receive some 
h}podermic injections from his famil} physician, but without an} improvement 
Severe headache, worse at night, developed and remained more or less constant 
in the frontal region He had d}spnea, tinnitus and was more or less deaf, once 
or twice a week, he would have copious epistaxis He began to lose his appetite 
and he vomited on three or four occasions His urine was dark and smok}, and 
he had a definite fev^r He attributed this to a respiratory mfection that he had 
had for about three weeks He w»as rarely bothered by nocturia The patient 
had had typhoid fever for two months at the age of 11 and influenza in 1918 In 
1923, he began to have epistaxis He felt a bit weak after control of the hemor- 
rhage but did not have other symptoms In Alay, 1924, he noticed blood in the 
urme and pain in the region of the left kidney The kidney^ was removed A 
month later, he had his tonsils removed because of a possibility of their being a 
focus of the kidney trouble 

When seen, the patient was propped up m bed and was somewhat drowsy and 
listless The skin was pale, sallow and of a somewhat waxy y^ellowish tmt 
There was some puffiness over the eyelids He had a slight exophthalmos and a 
subconjimctival hemorrhage His hearing was definitely impaired The mucous 
membrane and lips were pale The heart impulse was well located in the mid- 
clavncular line m the fifth interspace Sounds were distmct Rhythm was 
regular, the rate being 86 per minute Murmurs were not heard The pulmonary 
second sound was accentuated The blood pressure wms 160 systolic and SO 
diastolic The lungs were normal The abdomen showed nothing of significance 
except the scar in tlie region of the left kidney The liver and spleen were not 
palpable. Some edema of the extremities was present 

The urine showed a specific gravutv of 1 010 and contained 3 per cent albumin 
and occasional finely granular casts The excretion of phenolsulphonphthalein was 
0 per cent in two hours The blood showed a high secondary anemia and slight 
leukocytosis The Wassermann reaction was negative Blood chemical studies 
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show ed nonprotein nitrogen, 100 , urea nitrogen, 49 , unc acid, 46 , calcium, 3 9 , 
blood sugar, 75 mg per hundred cubic centimeters The patient's uremic coma 
increased He had one convulsion on Nov 3, 1926, that lasted five minutes The 
pulse rate increased to 108 The temperature fluctuated from subnormal to 99 6 
Other phenolsulphonphthalem tests showed complete retention of the dje for two 
hours Blood pressure rose to 225 systolic and 80 diastolic, and venesection was 
done One hundred and lift}" cubic centimeters of blood was removed Glucose 
solution was given intrar cnously but with no avail The patient died, Nov 4, 1926 
Autopsj was refused 

The aiagnosis was uremia, chronic nephritis with subacute exacerbation, hyper- 
tension and severe secondarj' anemia 

C'tSE 30 (BB in table 1) — W L, a negro section hand, aged 39, came to the 
clinic complaming of swellmg of the legs and abdomen and pain over the heart 
His illness dated back only one w eek, according to his storj', although he had had 
S} mptoms of cardiac failure for at least six months He had noted a sw elhng of 
the feet after gettmg wet one week preriously, the swelling gradually increased 
and progressed upward until the abdomen w'as invoked Shortness of breath, 
attacks of palpitation, dizzmess and cough, with the expectoration of bright red 
blood, had been si mptoms of increasing seventy He had had to get up four 
and file times each night to urinate Nausea and some constipation had been 
present He had had gonorrhea and mflammatorv' rheumatism when he was 20, a 
chancre at the age of 24 and had been treated w’lth intravenous injections of what 
most likely v as arsphenamine He had also been chronically addicted to alcohol 
The physical examination revealed a general anasarca, a moderately hard 
edema of the lower extremities and genitals, sluggish pupils and diminished 
reflexes The heart was definitely' enlarged A diastolic murmur replaced the 
aortic second sound and was transmitted to the left border of the sternum, but 
changed at the apex from its high pitch to a low, rumbling character The blood 
pressure was 126 systolic, 38 diastolic The Iner was engorged 

The urme was aad, with a specific gravity' of 1 024, a slight trace of albumin 
and a few' red cells, pus cells and granular casts in the sediment The excretion 
of phenolsulphonphthalem was 30 per cent 

The diagnosis was chronic nephritis, chronic syphilitic aortic disease with 
myocardial insufficiency Autopsy revealed a chronic nephritis and chronic aortic 
V alvulitis 

Autopsy revealed a chronic nephritis and chronic aortic valv'ulitis 
Case 31 (number 34 in table 1) — M P, a colored teamster, aged 32, had 
suffered for four months w ith shortness of breath on exertion, epistaxis, irregular, 
painful vomiting of cloudy' fluid, nocturnal vertigo and pollakiuna 

He had had malaria at the age of 10, gonorrhea twice and a chancre at 22, 
for which he did not receiv'e treatment 

Physical examination at the time of admission revealed that the patient was 
drow sy and dy spneic, v ith moderate edema of the ankles and feet and at the 
bases of both lungs The mguinal glands were palpable Retrosternal dulness 
was increased The heart was enlarged to the left and downward A blowing 
sy stolic murmur w as heard at the apex The aortic second sound w as accentuated 
The blood pressure was ISO systolic, 108 diastolic The liver was felt 6 cm 
belov the costal margin 

The blood Wassermann reaction was strongly positive The urine showed a 
specific gravity' of from 1 005 to 1 010 Albumin w'as constantly present in small 
quantities, and hyaline casts were foimd on each examination The blood picture 
was that of a moderate secondary' anemia The excretion of phenolsulphonphthal- 
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ein ^\as 3 per cent Blood chemical studies showed nonprotein nitrogen, 300, 
calcium, 7, unc acid, 66, blood sugar, 85 mg 

The diagnosis was chronic nephritis, hj pertension, chronic sjphilitic aortitis 
and myocarditis with congestive failure 

The autops 3 " revealed small contracted granular kidnejs with numerous cystic 
formations, hypertrophj and dilatation of the heart, aortitis and edema of the 
lungs 

SUMMARY 

Analyses were made to determine the distribution of the nonprotem 
sulphur fi actions of the blood m whole blood and in plasma obtained 
from a senes of cases lepresenting various pathologic conditions of the 
kidne}S, heart and livei 

The results obtained would seem to indicate that while in normal 
persons the inorganic sulphate fraction is piesent only in plasma, in 
patients with nephritis who show retention of sulphate the inorganic 
sulphate content of the whole blood rises moie rapidly than does the 
concentration of this fraction in the plasma, indicating diffusion and 
storage of this constituent in the corpuscles 

There does not appear to be any direct relation between the retention 
of nonprotein nitrogen and inorganic sulphate, oi between the latter, the 
neutral sulphur fraction or the chlorides 



THE CARDIOTACHOMETER 

AN INSTRUMENT TO COUNT THE TOTALITY OE HEART BEATS 
OVER LONG PERIODS OF TIME 

ERNST P BOAS, MD 

Nrvv YORK 

Fiom the eailiest clays of medicine the study of the pulse has been 
of majoi inteiest to physicians, and tiained obseivation of the pulse 
at the bedside has been of fundamental impoitance in diagnosis and 
in tieatment The quality of the pulse gives mfoimation about the con- 
dition of the lieait and aiteiies, and, in foimei yeais, -was supposed to 
leflect specific abnoimal bodily states Up to 100 yeais ago, the piac- 
ticing physician paid little attention to pulse late, but indulged in hair- 
splitting lefinements of classification of pulses of difiteient qualities 
Innumeiable voluminous but steiile tieatises have been published on the 
quality of the pulse Quantitative studies of the pulse rate weie initi- 
ated by Galileo (1620), who synchionized the beat of a pendulum with 
the pulse and expiessed the pulse late by the length of the pendulum 
One hunched yeais latei, Sii John Floyei published a book, called the 
“Physician’s Pulse Watch,” in which foi the fiist time caieful pulse- 
numeiations aie lecoided Foi this puipose, he employed a watch 
that lan sixty seconds It was not, howevei, until the second quartei 
of the nineteenth century that counting the pulse was accepted as a 
loutine pioceduie of impoitance^ 

The pulse late, which oidmaiily coincides with the heait late, is 
not alone a measuie of the activity of the heait and so of one impoitant 
component of its woik, but it is also an indicatoi of the influence that 
many bodily functions and leactions exeit on the heait The intio- 
duction of the sphygmogiaph, the polygiaph and the electrocaidiogiaph 
have peimitted a moie intensive and accuiate study of these changes in 
the rates of the heait and pulse, but the nature of these mstiuments has 
limited their usefulness in the investigation of this variation in late 
Foi the efficient opeiation of these mstiuments, the patient must be 
sitting quietly undei moie oi less basal conditions Recently, Gold- 
schmidt- desciibed an appaiatus called the pulse lesonatoi, which is 
designed to legistei instantaneous changes of late ovei long peiiods of 

■* From the Medical Division of Montefiore Hospital for Chronic Diseases, 
New York 

1 Mitchell, S W The Early History of Instrumental Precision in Medi- 
cine, Tr Cong Am Phys & Surg 2 179, 1892 

2 Kraus, F , Goldschmidt, R, and Seelig, S Analyse des Pulsrhj'thmus 
mit dem Pulsresonator, Ztschr f d ges exper Med 53 243, 1926 
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time The pulse resonatoi works on the pimciple of Galileo’s pulsi- 
logiiim A senes of pendulums of difteient periods aie acted on by 
the pulsation of the radial aitei}', and the pendulum, the period of 
which coi responds to the pulse rate lecoids electiically on a moving 
papei This ingenious mechanism is a gieat impioieinent oiei previous 
ones foi this pm pose, but, as I shall point out in anothei communica- 
tion, it is not altogether accurate Furthermore, the patient must be at 
rest during the examination 

For some jears I have been interested in devising an instrument 
that would registei the totality of heart beats over a peiiod of man) 
hours, and that would function accurately while the patient was moving 
about actively In the deielopment of this instrument, I have been 
foitunate in having the coopeiation of Dr Benjamin Liebowitz, without 
whose technical knowledge and inventive skill the woik would haie 
been impossible 

We first attempted to opeiate a coiintei by means of an electiical 
contact, pneumaticall} actuated b} the mechanical impulse of the heart 
beat or pulse beat We found that this contact lequired a delicate 
adjustment, and that unless the patient remained quiet, too many 
extraneous factors were mtioduced Musculai movement, coughing 
and jarring, foi instance, would lender the count inaccurate We then 
attempted to pick up the heait beats microphonically, employing first a 
standaid caibon granule microphone and latei a telephone receiver the 
diaphragm of which made diiect mechanical contact with the chest b} 
means of a short wooden cylinder cemented to the diaphiagin Here, 
again, it became appaient that if the appaiatus were made sufficient!} 
delicate to register accurately eieiy caidiac cycle, it would be necessai} 
to keep the patient quiet, oi the sound of his voice, a deep inspiration, 
or a jar of his body would intioduce false registiations 

At the suggestion of Pi of H B Williams of Columbia University, 
we then undeitook to test the feasibility of utilizing the action cuiient 
of the heait In oui fiist attempts in this diiection we led off the action 
current of the heart from the hands with the usual electi ocardiographic 
electrodes and passed it through a three-tube, stock resistance coupled 
amplifier It was possible to opeiate a sensitive relay and counter with 
this mechanism , but the apparatus was inadequate, allou ing false regis- 
tiations, as well as missing many heait beats It became evident that 
the two chief lequnements for success were a stable amplifier of large 
gam and more suitable electrodes At this point, ue uere fortunate 
in enlisting the aid of Dr Alfred N Goldsmith, to whom ive submitted 
the problem He and his associate. Mi Julius Weinberger, together 
with jMessrs Theodore A Smith and George Rodwin, worked out the 
necessaiy theoretical and practical solution for the amplifier and for some 
of the accessoi y apparatus which is described below 
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DESCRIPTION OF APPARATUS 

The method employed consists m picking vip the voltage of the action 
current of the heart with suitable electrodes, amplifying this voltage sufficiently, 
and passing the amplified current into a relay and counter system The instru- 
ment devised to register the heart beats consists of the following elements 
electrodes, amplifier, relay, counter and recorder 

The Elect! odes — Two shallow cup-shaped electrodes of monel metal 2 5 cm 
in diameter and 0 5 cm deep arc employed (fig 1) These electrodes are sewed 
to elastic tapes The cup is filled with ordinary green soap, which serves as 
an electrob'te When the electrodes are applied to the precordium, the tapes 
are tied around the chest and hold the electrodes in place In most patients, 
the electrodes are best placed so that one is in the region of the apex beat and 



Fig 1 — The electrodes are sewed to elastic tape and tied around the chest 

the other in the second intci costal space to the right of the sternum This is 
approximately the electrical axis of lead II of the electrocardiogram Wires 
lead the current from the electrodes to the input terminals of the amplifier 

The Aiiiphfici — ^The wave form of the action current of the heart is complex, 
consisting usually of a main peak (the R w'ave of the electrocardiogram) and 
several smaller peaks and ripples The mam peak, which is used to operate 
the mechanism, is of well defined frequency, low in comparison with the 
acoustic frequencies handled ordinarily m the amplification of the speech, 
hence, a special type of amplifier is required Furthermore, it would be 

desirable to amplify to a less degree the smaller peaks which are of lower 
frequency and the ripples which are generally of higher frequency The 
amplification needed is high, probabb^ of the order of 5,000 to 10,000 in voltage 
The straight resistance coupled amplifier, such as was used in the earlier 
experiments, has the disadvantage of instability at high gain , in addition, it is 
expensive and inconvenient A combination of straight resistance and capacity 
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coupled circuits with inductance and capacity stages was tried out and was 
not found entirely satisfactory When extreme amplification was used, this 
amplifier could not be made stable Fmallj% a four-stage transformer coupled 
amplifier was designed, special precautions being taken, this arrangement was 
found stable, and the high amplification required was readily secured 

In order to pass the low frequencies, transformers of high primary impedance 
were used To prevent oscillation, condensers of suitable size were placed 
across the primaries and secondaries of these transformers These condensers 
cut the high frequency amplification down to practically zero, but do not 
influence the amplification of low frequencies to a great extent 

The \\ inng diagram of the amplifier is shown in figure 2 The overall 
amplification from input to the plate circuit of the last tube is about 20,000 in 
\oltage at 35 cj’^cles a second A gain control of the shunt resistance type is 
placed across the input to the second stage to van the overall amplification 



Ordinar} radio receiving tubes of the UX-201A type are employed with 
90 \olts B batterj and AYz volts negative C battery The amplifier is mounted 
on a spring-suspended subpanel in a copper shielded box The outside panel 
contains input and output jacks, starting switch and gam control Leads 
coming through the back of the box connect to A and B batteries The C 
batten is contained within the box 

The Relays — In the original model a sensitne relay was made to operate by 
means of the plate current change in the final tube plate circuit This system 
required that the constant final stage plate current be biased out of the relav 
circuit, and hence involved the use of an additional batterv and potentiometer 
Furthermore, the resistance of the relay w'as low m comparison w'lth that of the 
plate circuit B-v introducing a step-down transformer between the relay and 
the plate circuit of the last tube, the additional battery and potentiometer w'ere 
dispensed w'lth, and higher efficiencj was obtained In the final model of the 
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apparatus, a full wave copper oxide rectifier was inserted before the relay This 
did not require a bias battery and was satisfactory 

The relay is of the Weston model 30 type A spring contact made of platinum 
containing 30 per cent indium 1 inch long, %c Jnch wide and 0 004 inches thick 
was substituted for the fixed contact of the relaj" This spring contact aids in 
minimizing disturbances arising from the smaller peaks and ripples that are 
passed through the amplifier, and in reducing chatter The primary relay 
operates a telegraph relay wound to 150 ohms On this relay, too, an adjustable 



Fig 3 — The amplifier, relays and counter 



Fig 4 — The signal recorder 


spring mounted contact was substituted for the fixed contact to avoid rebound- 
ing and chatter and consequent false registrations of the counter, and to permit 
the more rapid action required at high pulse rates 

The CoJiuto —-The second relay operates a telephone message counter This 
counter was made more rapid in its action by lightening the armature and 
shortening its excursion A contact mounted on this counter is closed at the 
end of each inward excursion of the armature This closure actuates the 
recorder 
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The Rccoidci — ^The recorder is a ts’^pe 256 Signal Siphon Recorder manu- 
factured b} the General Radio Coinpaii} of Cambridge, Mass (fig 4) The pen 
records on a moving tape, each stroke of the pen representing one stroke of 
the counter, or one heart beat With proper adjustment, the recorder will not 
operate unless the counter armature makes a full stroke 

METHOD or OPERATION 

The electrodes arc fixed in place over the precordium, one o\er the apex, the 
other over the second right intercostal space , the starting sw itches on the 
amplifier and the relaj' are closed, and the gam control on the amplifier is 
varied until each heart beat is recorded accurateh on the counter Too high 



Fig 5 — Complete apparatus mounted on a cart 


amplification will cause the sensitive relaj arm to come up against the stop 
wnth such force that it bounds back and makes a double contact, and so registers 
a false beat on the counter If this occurs, the spring tension of the sensitive 
relaj should be increased, and if this is not sufficient, the gam should be 
reduced The siphon recorder is then throwm into circuit The number on the 
counter is read and the time is noted When the observation of the patient is 
finished, another reading of the counter is made and the time noted In this 
manner an accurate count of the total number of heart beats m the period 
elapsed is automaticalI\ obtained As a control, the tape of the recorder is 
inspected, and if it shows no missed or interpolated beats, the count can be 
accepted as accurate 
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COMMENT 

If the patient holds his hands and fingers immobile, good lecoids 
can be obtained by the use of immersion jais filled with salt solution as 
electrodes Every movement of the hands oi fingers, howevei, causes 
a laige numbei of distui bailees of the lelay Geiman silvei electiodes 
applied to the arms allow more freedom of motion without readily intio- 
duemg false signals, and flannel bandages soaked in salt solution and 
held in place on the aims by many turns of wire are still bettei With 
all of these electiodes, howeier, unguaided movements of the patient lead 
to false 01 missed beats Thus they defeat the primaiy puipose of the 
appaiatus — to count the heart beats over long peiiods of time while the 
subject follows his oidmary activities These electiical disturbances 
aie piobabl}’’ due to the action cuiients of the stiiated muscles, which 
obscuie the legistiation of the action cuirent of the heart Moreo^el, 
the watei evapoiates from the bandages that have been moistened with 
salt solution These difficulties led to the use of the small chest elec- 
tiodes and of green soap as an electiolyte We have used wires up to 
20 feet in length between the electrodes and the input jack of the ampli- 
fier, thus allowing the patient full activity 

With these electrodes, free motion of the body and extremities does 
not cause interfeience with the regular signaling of the action current 
of the heart The subjects can indulge m cahsthenic exeicises, walk, 
lun, sit down on the flooi or he down and roll from side to side with- 
out disturbing the regular registration of the counter, as shown by the 
graphic lecord Coughing and laughing do not introduce inaccuracies 
Howe\er, if the patient makes all of his muscles tense, as in sti etching 
01 straining, seiious disturbances m the action of the piimaiy relay and m 
the whole apparatus are introduced Apparently the electiical curients 
accompanying these tetanic muscular contractions are sufficiently large 
and numerous to obscure the action curient of the heart Mobitz,^ 
m attempting to listen to the amplified action current of the heart by 
means of a telephone leceiver, noted a steadily inci easing roaiing sound 
when the subject held his bieath, and attributed it to the action curients 
of the tense respiratory muscles — apparently a similar phenomenon 
If insufficient amplification is used, change of position of the patient 
may inteifeie with the lecordmg and result in the loss of man}'- heart 
beats This is piobably due to the changing position of the heart and 
of Its electiical axis Since the chest electrodes are fixed, an alteiation 
in the electiical axis of the heait may cause such a lowering of the volt- 
age to be led ofif that it is insufficient to operate the pi unary relay To 
avoid this eiror, it is necessary to employ the maximum amplification con- 

3 Mobitz, W Ueber Versuche Aktionsstrome zu verstarken, Deutsches 
Arch f klin kled 149 209, 1925 
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sistent with the regular action of the apparatus and to put the patient 
through several test exeicises befoie making the final adjustment of 
amplification gam and of spiing tension on the piimaiy lelay 

It IS essential to insulate the patient duimg the period of obseivation, 
particulaily if the floor of the room is a good conductoi We worked 
in a room with a flooring of magnesite composition and found that 
whenevei the patient, who was placed on a rubhei mat, stepped oft of 
the nonconducting lubber, disturbances weie apt to aiise in the primai}' 
relay The intensity of these disturbances varied from day to day 
Similarly, if an uninsulated observer touched the patient, oi if the 
patient touched a radiator oi some similai object, the action of the relay 
became irregular To insulate the patient, a mat of lubber or other 
nonconductue mateiial may be placed on the floor If the patient walks 

rmnJWjjJuuuiiLjijuijujjij^^ 

Fig 6 — False beats caused b}' the uninsulated observer toucbing the patient 


Fig 7 — Record of regular heart beat 


[u\j\juuuuuuuuu\j\j\juijuyj\jcnj\jw\juijuuij^^ 

Fig 8 — Extra beat caused by the uninsulated observer touching the patient 

aiound, he should weai lubbeis Similaily, the obsener, oi the nurse, 
who must touch the patients bed, should wear lubbeis If the patient 
IS m bed, the hed should be insulated with rubber castors Similarly, 
distuibances may arise if the observei touches the magnet of the siphon 
lecoider Figuie 6 shows extra beats caused by the uninsulated 
obsenei touching the patient 

The graphic lecord on the tape acts as a control of the accuiacy of 
the countei when the heart ihythm is regular At the end of a period 
of observation, when the countei reading has been noted, the lecord on 
the tape is inspected If all of the signals follow one another without 
a break, and if there are no irregularly placed mteipolated beats, the 
count may be accepted as coirect In the record of a long observa- 
tion totaling several thousand beats, fi\e or ten missed beats may be 
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disiegaided as insignificant Howe\er, it is easy to estimate the num- 
bei of beats that ha\e not been recoided and to allow foi them Extra- 
systoles can be lecognized when they aie followed by a compensatory 
pause If the lecoid shows many inaccmacies, the count of that par- 
ticular lun must be disiegaided 

We aie planning to add time signals to the lecoicl on the tape so 
that changes of rate can be detei mined at all points on the lecoid 

We have tested the cai diotachometer on a laige senes of patients 
with noimal and abnoimal heaits under a great vaiiety of conditions, 
and have been able to obtain satisfactory leadings in all of them The 
instillment accurately records heart rates from 40 to 200 a minute 
The tape luns at a speed of about 1 2 feet a minute or 72 feet an hour 
Although this seems like a long recoid, its inspection actually takes veiy 
little time In three minutes 72 feet of tape corresponding to one 
hour’s observation can be checked 

Figure 7 IS a shoit stiip of the record of case 1 The patient, a 
gill with simple tachycardia, was under test for forty minutes During 
that time, her heait beat 4,740 times, which lepiesents an aveiage rate 
of 118 5 a minute The giaphic record shows accuracy of the counter 
with two exceptions, both alike One of these is shown in figure 8 
where an extra interpolated beat was evident This was caused b} the 
observer touching the patient and was noted at the time it happened 
The detailed obsei rations of case 1 are given in table 1 Figure 9 is 
the record of a patient with initial stenosis, whose late was 104 at lest 
and rose to 200 while she was running in cn curt with the cardiotachom- 
etei The record which is continuous and which should be read fiom 
left to light and from above downwaid, shows the absolute accuracy 
of registration Figuie 10 shows simultaneous caidiogiams and tiac- 
mgs of the cardiotachometei of a patient with auiiculai fibi illation and 
a heart late of 118 The records are of difteient lengths because of the 
differ ent speed of the two papers The two tracings coi respond abso- 
lutely not alone rn the total number of beats, but m then r elative spacing 
as well Figure 11 is a similai tiacing of another patient with auricular 
fibi illation, with a late of 69 A pulse tiacing is substituted foi the 
caidiogiam and shows similar correspondence with the cardiotachometei 

Table 1 lepiesents observations on thiee patients The sample rate 
is a casual fifteen second count taken with a watch The effect of eat- 
ing IS well shown in case 2, a woman with auricular fibrillation The 
rate lose fioin 97 to 124 Case 3 is a record of a girl with mitral 
stenosis and simple tachycaidia The observations were taken in the 
evening with the patient in bed 

The possible clinical applications of the cai diotachometer are mani- 
fold Man} physiologic pioblems, such as the response of the heart 




Pig 11 — Simultaneous sphygmogram and cardiotachometer tracing, auricular fibrillation 
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to exeicise, drugs, and other stimuli can be studied The response of 
the heait during exercise can be accuratel)'- measured As 
an accessory in many physiologic and clinical examinations, such as 
basal metabolic rate and minute volume flow determinations, it is invalu- 

Reco)d of Hcait Beat vi Thicc Patients 


(Head up the columns) 




Counter 

Total 

True 

Sample 



Time 

Readings 

Beats 

Rate 

Hate 

Remarks 

Case 1 

11 42 

11,999 

680 

98 




11 35 

11,313 

1,275 

127 5 




11 25 

10,038 



128 

Half sitting in wheel 



717 

119 5 


chair 


11 19 

9,321 

837 

119 6 

114 

Lying in wheel chair 


11 12 

8,484 

1,225 

122 5 

128 



11 02 

7,259 



120 

Sitting in wheel chair 

Total 

40 mm 


4,740 

118 5 



Case 2 

12 20 

8,473 

783 

97 

109 

Sitting quietly 


12 IS 

7,C90 

994 

124 2 

119 

Finished dinner 


12 10 

0,090 

083 

97 9 

112 

Began dinner 


12 03 

0,013 

2,547 

94 3 

101 



11 30 

3,400 



90 

Sitting quietly 

Total 

50 mm 


5,007 

1001 



Case 3 

11 35 

19,683 

1,920 

90 3 

108 

Awake 


11 15 

17,757 

1,958 

97 9 

100 

Dozing 


10 55 

15,799 

1,970 

98 3 

96 

Sleeping 


10 35 

13,829 



108 

Dozing 




2,156 

107 8 

112 

Awake, 10 22 


10 15 

11,073 

2,113 

105 6 

112 

Sleeping 


9 55 

9,560 

2,151 

107 5 

112 

Sleeping 


9 35 

7,409 

2,111 

105 5 

106 

Trying to sleep 


9 15 

5,298 

2,222 

1111 

108 

Trying to sleep 


8 55 

3,070 

2,276 

113 8 

100 

Reading in hed 


8 35 

800 





Total 

3 hours 


18,883 

104 9 




able The cardiotachometer will give us for the first time an actual 
count of the total number of heart beats undei the conditions and 
activities of every day life The device will be of particular value in 
determining the clinical significance of the simple tachycardias It is 
often difficult to ascertain whether a tachycardia is persistent or only 
transient and due to an anxiety neurosis or to the excitement of the 
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examination The cardiotachometer, particularly if it is lun while the 
patient is asleep, will readily distinguish the persistent rapid heart rate 
that occurs in cases of m}Ocarditis or exophthalmic goiter from a func- 
tional acceleration 

SUMMARY 

An instrument which has been named the “cai diotachometer” is 
described, which is actuated b}’^ the action current of the heart and lecoids 
automatically the totality of heart beats over long periods of time 



PLASMA AND CORPUSCULAR CHLORIDES 
IN PEPTIC ULCER* 

LEON BLOCH, MD 

AND 

A M SERBY, MD 

CHICAGO 

The woik on which this paper is based was done for the puipose 
of determining whether in cases of peptic ulcer there is a possible 
lelationship between the amount of various chloiide constituents of 
the blood and the amount of free hj^drochlonc acid secieted m a stated 
interval at different stages of which blood was withdrawn foi exami- 
nation While such a relationship was difficult, if not impossible, to 
discover, other facts of interest and questions arose which it was felt 
might be of sufficient interest to leport 

That there is an increase in both free and total acidity and m the 
amount of gastric secretion is well known The results of studies on 
the blood chlorides in these cases are not so well known, principally 
because of the small number of studies on this subject Jordan ^ states 
that m forty-one cases of ulcer, the average level of whole blood 
chlorides after treatment was 570 mg per hundred cubic centimeters of 
blood and in ten normal cases 593 mg Arnoldi “ found that on a 
salt poor, meat- free diet there is a tendency for the serum chloride to 
increase as long as the diet is maintained Molnar and Hetenyi ^ 
found that m conditions of hyperacidity the chloride content of the 
cells and plasma are below normal We attempted to answer the ques- 
tion whether there is a fundamental difference between normal persons 
and those with peptic ulcer, by a study of the chloride content of the 
whole blood, plasma and corpuscles in twenty cases of ulcer m which 
the diagnosis was made by clinical and roentgenologic methods and 

From the Stomach Study Group and the Otto Baer Fund for Clinical 
Research of the Michael Reese Hospital, and the Nelson iMorris Institute for 
Medical Research 

' Beds were available for this work through a grant by Mr Julius Rosenwald 

1 Jordan, Sara ]M Calcium Chloride and Carbon Dioxide Content of 
Venous Blood m Cases of Gastroduodenal Ulcer Treated with Alkalies, J A 
M A 87 1906 (Dec 4) 1926 

2 Arnoldi, Walter Der prozentuale Chlorgehalt des Blutserums bei koch- 
salzarmer und kochsalzreicher fleischfreier Ernahrung sowie bei verschiedener 
Flussigkeitszufuhr, Berl klin Wchnschr 50 675, 1913 

3 Molnar, B, Jr, and Hetenju, G Ueber den Chlorgehalt des Blutserums 
bei Sekretionsstorungen des Magens und Beinflussung der Anaziditat durch 
Kochsalz , Arch f Verdaunngskr 30 8, 1922 
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in some cases confiimed by operation Thirteen patients were studied 
within forty-eight hours after they were admitted to the hospital and 
before any treatment was given and seven were studied at various 
periods after treatment was instituted 

METHOD 

Ten cubic centimeteis of oxalated blood was centrifugalized foi 
ten minutes immediately after it was taken, and the plasma was with- 
drawn The chloiides w’-eie estimated by the Whitehorn^ method and 
recorded m milhgiams pei hundred cubic centimeters of plasma, wdiole 
blood or corpuscles The corpuscular chloride content was calculated 
from that of the whole blood and blood plasma At the end of tivo 
weeks similar detei mmations of the chlorides w^ere made at the start, 

Tablk 1 — Results Attained in the Dctei winations of the Chloiides Befoic 

Tieatment 


IVhole Blood Blisrm Corpuscle 


r 

Cnso 

OMm 

75 Min 

150 Mm 

' 0 Mm 

75 Min 

150 Min' 

0 Mm 

75 Mm 

150 Min' 

1 

471 9 

442 2 


559 4 

561 0 


3771 

313 5 


2 

435 4 

438 9 


577 5 

554 4 


323 1 

313 8 


10 

430 0 

412 5 


643 0 

529 6 


308 8 

285 6 


11 

503 3 

513 2 


5S91 

597 3 


410 4 

4221 

325 8 

12 

504 9 

510 8 

476 4 

6215 

624 2 

615 5 

503 5 

346 4 

15 

4S0G 

435 6 

442 2 

580 4 

595 7 

595 7 

385 0 

2621 

275 8 

10 

403 9 

397 6 

420 7 

580 8 

575 9 

5891 

212 3 

204 4 

238 3 

17 

438 9 

445 5 

445 5 

599 0 

602 3 

602 3 

265 4 

275 0 

275 6 

18 

410 8 

393 0 

400 9 

599 0 

544 0 

590 7 

206 9 

235 0 

195 2 

10 

455 4 

403 0 

406 9 

6171 

018 9 

612 2 

280 2 

295 4 

309 6 

20 

43S9 

455 4 

453 7 

590 7 

603 9 

605 6 

274 4 

294 0 

2881 

21 

4389 

427 3 


599 0 

589 0 


265 4 

2521 

292 5 

22 

450 4 

460 3 

457 0 

003 9 

610 5 

60S 9 

2842 

297 5 

Average 

457 9 

446 0 

445 4 

589 3 

5851 

602 7 

315 2 

2921 

2751 


seventy-five minutes and one bundled and fifty minutes aftei the start 
of a two and one-halt houi peiiod during which fractional tests W'ere 
made at one-half houi inteivals to determine the free and total gastric 
aciditv The figures of Dodds and Smith ® m ten noimal cases weie 
taken as a standard of companson m this lepoit The tables give the 
results attained m thiiteen cases before tieatment was begun (table 1) , 
the results when the detei mmations weie made after tieatment only 
(table 2), and wdien the} w^ere made before and after treatment was 
started (table 3) Table 4 is a statement of the figures of ten normal 
cases, and table 5 shows the wude vaiiations in individual instances 
It can thus be seen fiom table 5, that the differences m the chloride 
content before and aftei treatment are negligible wdien compared to the 

4 Whitehorn J C ^Method for Determination of Blood Chlorides, J Biol 
Chem 45 449, 1921 

5 Dodds, E C , and Smith K S Variations in the Blood Chlorides in 
Relation to Meals J Plnsiol 58 157 (Dec 28) 1923 
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Table 2 — Results Attained m the Detei minations of the Chlorides After 

Treatment 



Whole Blood 

Plasma 

Corpuscle 

Case 

r 

Before 

7o Minutes 

Before 

75 Minutes 

Before 

75 Minutes 

3 

433 9 

429 0 

5410 

542 9 

317 9 

303 6 

4 

603 9 

607 2 

562 7 

557 7 

648 8 

6608 

5 

389 4 

417 4 

534 6 

552 6 

2321 

270 6 

G 

521 4 

528 0 

618 8 

612 2 

417 9 

436 9 

7 

442 2 

442 2 

572 6 

567 6 

300 8 

306 3 

8 

069 3 

572 6 

686 4 

671 6 

442 5 

4(55 4 

9 

4SS4 

5019 

6221 

6001 

343 5 

4017 


Table 3 

— Results Attained ui 
and 

the Dctei nitnafwns of the 
Aftei Ticatment 

Chloiidcs Before 


Whole Blood 

_A 


Plasma 

A 



Corpuscle 

A 

r 

Case 0 jMin 75 Min 

150 Mm 0 Mm 

75 Mm 

150 Mm 

0 Mm 

75 Mm 

150 Mm 

15 

486 6 

433 6 

442 2 

580 4 

595 7 

595 7 

385 0 

2621 

275 8 

15 repeated 

438 9 

427 3 

430 6 

595 7 

570 9 

599 0 

269 0 

270 8 

246 0 

16 

405 9 

397 6 

420 7 

580 8 

575 9 

5891 

212 3 

204 4 

238 3 

16 repeated 

430 6 

429 0 

437 2 

605 6 

602 3 

605 6 

2410 

2412 

254 8 

17 

43S9 

445 5 

445 5 

599 0 

602 3 

602 3 

265 4 

275 6 

275 6 

17 repeated 

453 7 

4212 

442 2 

610 5 

570 6 

612 2 

283 8 

249 6 

2581 

IS 

410 8 

396 0 

400 9 

599 0 

544 0 

590 7 

206 9 

235 6 

195 2 

IS repeated 

442 2 

443 8 

4389 

592 4 

605 6 

599 0 

279 6 

238 5 

263 5 

20 

438 9 

453 4 

453 7 

390 7 

603 9 

605 6 

2714 

2910 

2881 

20 repeated 

430 6 

433 9 

453 7 

570 9 

090 0 

599 0 

278 6 

265 5 

296 3 

21 

43S9 

427 3 


599 0 

589 0 


205 4 

2321 


21 repeated 

433 7 

445 5 

463 6 

582 5 

608 9 

603 6 

314 2 

268 5 

308 7 

Table 4 — 

-Chlondc Content 

of Whole 
Not mal 

Blood, of Plasma and of Coipuscles vi 
Pei sons “ 


Sodium Cbloride in Mg per 100 Cc 



f 

Whole Blood Plasma Coipuscle 


1 

480 

G05 

345 

2 

560 

050 

463 

3 


570 

393 

4 

500 

785 

191 

0 

480 

610 

339 

6 

420 

570 

252 

7 

440 

580 

288 

8 

475 

570 

372 

9 

490 

590 

382 

10 

440 

">85 

305 

Average 

4<< 

609 

333 

* In the whole blood the figures ■val^ from 420 to 500, 

m plasma from 

565 to 785 and m 

corpuscles from 191 to 463 



Table 5 — Chlotide Content of Whole Blood, of Plasma and of Coipiacles Befoie 


and Aftei Ticatment 





0 Mm 

75 Mm 

130 Min 

Average of chloride content of whole blood before treatment 

458 

416 

443 

A\ erage of chloride content of whole blood after treatment 

469 

469 

414 

Average of chloride content of plasma before treatment 

589 

583 

603 

Average of chloride content of plasma after treatment 

592 

590 

604 

Average of chloride content of corpuscles before treatment 

315 

292 

275 

Average of chloride content of corpuscles after treatment 

336 

339 

273 
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individual variations and inconclusive in showing the effect of treatment 
on the chloride content of the blood constituents The study of the 
gastric acidities in these cases failed to show any constant relationship 
hetiieen the chloride content and the acidity curves 

It IS interesting to note that the plasma chloride attains the highest 
level and shows the smallest variations, the corpuscular chloride the 
lowest level and the largest variations and the whole blood figures in 
between the other two 

The question arises as to whether alkali treatment produces a dis- 
turbance in the chloride reservoir, if such reservoir exists If there 
IS ail}’- change, it is to be found in the tendency of the corpuscular 
chloride content to increase after treatment It is interesting to note 
that in the cases in which a simultaneous study of the gastric juice 
was made during the periods in which the blood studies were made, 
the, changes, when definitely apparent, occurred m the corpuscles The 
corpuscles generally showed a decrease in chlorides at the beginning 
of the fractional test meal and a return to normal after seventy-five 
minutes 

The following points are of interest in chloride metabolism 

1 Are the corpuscles the principal chloride carriers’ Thej appear to be, but 
this cannot be definiteb' proved 

2 Do the corpuscles supply chlorides as needed and act as a chloride reservoir 
for the plasma ’ They appear to do this because of a greater constancy m chloride 
content of the plasma o\er the corpuscles and the variability of the chlorides of 
the corpuscles 

3 Is there some source of supplj’^ for the restoration of chlorides’ The 
chloride content of the food intake is low on the diet allowed in the cases cited 

Why should the chloride content remain high and in some instances 
be higher after treatment’ Lim and Ni ® carried out studies on the 
blood chloride m animals with a Pawlow pouch and found a diminution 
m the blood chlorides Their results, however, are not to be compared 
with those m human beings, because the constant withdrawal of all the 
gastric secretion as it accumulated prevented the absorption of any of 
the chlorides from the gastric juice, w'hereas m man the secretion is 
retained This raises further questions 

4 Do the alkali ions of the alkali administered m anj^ wav help to bind 
chlorides and thereb 3 '’ help to maintain a higher chloride content after treatment 
than before’ At present no attempt is made to answer this question 

5 Does the corpuscular chloride represent more truh the changes that occur in 
the whole blood’ From the fact that the greatest variations occur in the 

corpuscles, this w'ould appear to he true Ho\ve\er, this is only a conjecture 
and more experimental work is required to pro\e or disprove this 

6 Lim, R K S , and Ni T S Changes m Blood Constituents Accompany- 
ing Gastric Secretion I Chlorides, Am J Phj siol 75 475 (Jan ) 1926 
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CONCLUSIONS 

1 The lesults obtained m normal peisons and in patients with 
peptic tilcei do not show gieat differences 

2 The plasma chloiide content reaches the highest level and shows 
the smallest vaiiations 

3 The coipuscular content attains the lowest level and is less 
constant 

4 The changes in the corpusculai content suggest that the coi- 
puscles aie impoitant in chloiide metabolism 

5 No close relationship between the blood chlorides and the gastiic 
acidity IS noticed 



EFFECT OF TOXEMIA ON TOLERANCE FOR 
DEXTROSE AND ON THE ACTION 
OF INSULIN ^ 

J SHIRLEY SWEENEY, MD 

DALLAS, TEXAS 

In a previous communication, I ^ presented data showing the eftect 
of toxemia on the tolerance for dextrose of labbits intoxicated with 
diphtheria toxin Daily tests foi tolerance foi dextrose were made on 
the animals duiing the course of their toxemia, and a progressive 
decrease in the tolerance for sugar was noted 

The series of observation to be presented in this aiticle weie made 
on labbits that were treated as described and, in addition, they received 
uniform doses of insulin each time dextrose was administered It was 
thought that by this procedure some anatytic infoimation might be 
obtained as to the effects of toxemia on the toleiance for dextrose and on 
the action of insulin 

Four rabbits were used, one as a control All food was withdrawn 
fiom the cages, but water was allowed, and a single injection of 
0 0075 cc of diphtheria toxin - was given subcutaneously to each animal 
except the contiol On the following day, or twenty-four hours later, 
tests of the tolerance for dextrose were begun and were made daily on 
each animal until its death Five grams of dextrose in 25 cc of water 
was given by stomach tube Two units of insulin - weie given daily, 
fifteen minutes after the administration of the dextrose Samples of blood 
for deteimination of the sugar content were drawn fiom the marginal 
veins of the ear before the administration of dextrose and thiity, 
sixty and one hundred and twenty minutes following its administration 
All of these determinations weie made according to the Folm-Wu 
method Of the thiee toxic animals, one lived six days, one seven and the 
third eight days The control animal was fed at the conclusion of the 
experiment and did not show any untowai d effects of the starvation 

The results of the daily tests are tabulated in tables 1, 2, 3 and 4 and 
aie presented giaphically m charts 1, 2, 3 and 4 

There is one outstanding observation m these expeiiments Exami- 
nation of the cur^ es shows that the two units of insulin given each day, 

■'From the Departments of Internal Medicine and Physiology, Bajlor Uni- 
Aersit}, College of IMedicine 

1 Sweeney, J S , and Lacke}, R W The Effect of Toxemia on Tolerance 
for Dextrose, Arch Int kled 41 257 (Feb ) 1928 

2 I am mdeb*^ed to the Eh Lillj" Company, who kindle supplied the diphtheria 
toxin and insulin used m this experiment 
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fifteen minutes after the administiation of the dextiose, had a persistent 
and fairly unifoim action in lowering the postpiandial blood sugars in the 
presence of an inci easing toxemia It will be noted that the two houi 
determinations in two or three instances were not materially lower 
than the one hour readings In one instance there was an actual 
rise at the two hour inteival, but this inciease was slight I^ have 
recently shown that daily tests to ascertain the tolerance for dextiose of 
rabbits that were made toxic with diphtheria toxin, but that did not 
receive insulin, showed that theie was an increasing inability to remove 


Table 1 — Results of Daily Tests of Toletance of Rabbit 4 foi Dextiose ' 


Blood Sugir, Mg- per 100 Cc 



r* 

Temperature 



After Dextrose 

\ 

Hours of Basting 

(P) 


f 

X 


and Toxemia 

Rectal 

Basting 

30 Minutes CO Minutes 120 Minutes 

Zi 

104 3 

114 

179 

171 

114 

48 

1041 

115 

169 

189 

157 

72 

103 2 

118 

182 

244 

198 

95 

103 

118 

200 

217 

163 

120 

102 8 

123 

241 

282 

233 

144 

103 

154 

259 

303 

303 

163 

102 8 

145 

278 

278 

260 

192 


154 

SS9 

400 

400 


* The animal i-^ceived 0 0075 ce of diphtliena to\m T\io omts of insiilm -were given subcu 
taneously each day fifteen minutes after the administration of dextrose 

Table 2 — Results of Daily Tests of Toletance of Rabbit 5 foi Dextrose' 


Blood Sugar, Mg per lOO Cc 

A - - 



r* 

Temperature 



After Dextrose 

' 

Hours of Basting 

(B) 


/ 

A 

1 

and Toxemia 

Rectal 

Basting 

30 Minutes 

60 Minutes 120 Minutes 

24 

104 5 

114 

187 

177 

112 

48 

102 8 

131 

200 

198 

168 

72 

1021 

110 

183 

256 

244 

95 

102 5 

95 

189 

233 

222 

120 

101 9 

139 

241 

SOS 

308 

144 

103 8 

154 

286 

364 

377 

168 

103 4 

139 

278 

323 

308 


* The animal received OOOTSec of diphtheria toxin Two units of insulin -were given subcu 
taneously each day fifteen minutes after the administration of dextrose 

dextrose fiom the blood In fact, theie appealed to be a quantitative 
relationship between the intensity of the toxemia and the impairment of 
the rabbits’ tolerance for sugai With these observations m mind, it 
lequiies only casual inspection of the chaits accompanying this article to 
see that the toxemia does not cause an appreciable change in the action of 
the injected insulin, in other words, as stated befoie, theie seems to have 
been a consistent “two unit action” throughout these experiments, even 
in the piesence of an increasing toxemia 

COMMENT 

In Older to suggest an explanation for the phenomenon described 
and other related phenomena of the eftect of toxemias on the tolerance 
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for dextrose, it is necessar} to consider the factors involved in the pro- 
duction of the so-called normal tolerance cur\e I® ha^e pre\iously 
suggested that the ingestion of dextrose stimulates the production of 
sufficient insulin to cause the disappearance of the excess blood sugar 
V ithin two or three hours This effect of the ingested dextrose has been 
suggested by others ^ Jordan ^ has more recently piesented some experi- 
mental work that supports this a ie\A It v as further suggested that the 



Chart 1 — Daib curves showing tolerance of rabbit 4 for dextrose The animal 
recened 00075 cc of diphtheria toxin Tavo units of insulin A\ere given sub- 
cutaneoush each daj fifteen minutes after the administration of dextrose The 
figures at the end of each cur\e represent the number of daAS of fasting and 
toxemia 


3 Sweenej, J S DietarA’- Factors That Influence the Dextrose Tolerance 
Test, Arch Int Med 40 818 (Dec ) 1927 

4 SeAringhaus, E L, and Smith, M E Science 61 92, 1925 Thalhimer, 
W F , Raine, Forrester, PerrA, M C, and Buttles, J The Effect of Injections 
of Dextrose and of Insulin and Dextrose Upon Blood Sugar, J A jM A 87 391 
(Aug 7) 1926 LaAArence, R D Quart J IMed 20 77, 1926 

5 Jordan, E I\I Am J PhAsiol 80 441, 1927 
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excess of blood sugar was largely stored as glycogen This hypothesis is 
consistent wth the more recent views regaiding the mode of action of 
insulin ° I am familiar with the somewhat discordant experimental 
results bearing on this subject For a more comprehensive analysis of 
this phase of the subject, the reader is referred to the excellent discussion 
of Barbour, Chaikoff, Macleod and Orr “ on their experimental results 



Time of Blood Supers 

Chart 2 — Dailj' curi es showing tolerance of rabbit 5 for dextrose The animal 
received 00075 cc of diphtheria toxin Two units of insulin were given sub- 
cutaneously each day fifteen minutes after the administration of dextrose The 
figures at the end of each curve represent the number of days of fasting and 
toxemia 

I ^ have previously demonstrated that persons who have been 
fed on rich carbohydrate diets for two days prior to the performance of 
a test of their tolerance for dextrose have shown a marked increase in 

6 Rabinowitch, I , and Bozin, Eleanor V Bnt J Exper Path 8 4, 1927 
Barbour, A D , Chaikoff, I L , Macleod, J J R , and Orr, M D , Am J 
Physiol 80 243, 1927 Macleod, J J R Physiology and Biochemistry in 
Modern Medicine, 5, St Louis, C V Mosby Company, 1926 
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tolerance Persons \\ho ha\e been starved or who have been fed 
on exclusive fat or protein diets have shown a definitely decreased toler- 
ance for dextrose The effect of diet and fasting on tolerance for 
carboh} drates has been referred to by other investigators ‘ To explain 
these results, I ha\e suggested that there was a more active stimulation 
of the production of insulin in those who had received carbohydrate 
feedings which resulted in a quick removal of the excess dextrose from 
the blood Those who had been fed on fats or proteins or who had been 

Table 3 — Residts of Daily Tesls of Tolerance of Rabbit 6 for Dextrose* 


Blood Sugar, Mg per 100 Cc 

A 



r 

Temperature 



After Dextrose 


Hours of Fasting 

(F) 



1 


and Toxemia 

Rectal 

Fasting 

SO Minutes 60 Minutes 120 Mmute= 

2t 

102 6 

318 

1S2 

123 

87 

48 

102 7 

111 

2S6 

329 

299 

72 

103 4 

145 

282 

274 

182 

90 

102 6 

111 

238 

227 

IS) 

120 

103 6 

137 

220 

217 

168 

144 

106 

161 

250 

230 

+ 


* The animal received 0 0075 cc of diphtheria toxin Two units of insulin ■were given subcu 
taneously each day fifteen minutes after the administration of dextrose 
•f Animal died dunng the one hour intervaL 


Table 4 — Results of Daily Tests of Tolerance of Rabbit 7 
fot Dextiose (Conftol)-' 


Blood Sugar, Mg per 300 Cc 



r 

Temperature 



4fter Dextrose 


(F) 


f 

i 


Hours of Fasting 

Rectal 

Fasting 

30 Minutes 

60 Minutes 

120 Minutes 

24 

1017 

101 

ISO 

150 

SO 

48 

1021 

102 

169 

179 

132 

72 

103 7 

140 

179 

145 

114 

96 

103 8 

118 

148 

114 

6S 

120 

103 8 

129 

204 

171 

92 

144 

103 4 

5(5 

89 

64 

58 


* Diphthem toxin was not given Two units of insulin nere given subcutaneously each 
day fifteen minutes after the administration of dextrose 


starved had had little if an} foods (carbohydiates) that stimulated the 
production of insulin, and when dextrose was ingested the production 
of insulin w'as delayed, which resulted in a sluggish removal of the 
excess dextrose from the blood 

It IS difficult to explain the foregoing phenomena in an}’- way except 
by the action of endogenous insulin If increased or decreased oxida- 
tion of the dextrose was the cause, one would ha^e to account for the 

7 Kageura, N J Biochem 1 333, 1922 Kageura, N J Biochem 1 389, 
1922 Greenwald, I Gross, J, and Samet, J J Biol Chem 62 401, 1924 
Southwood, A R j\I J Australia 10 460, 1923 Staub, H Ztschr f Win Med 
93 89, 1922 Traugott K Klin Wchnschr 1 892, 1922 Du Vigneaud, Vin- 
cent, and Karr W G T Biol Chem 66 1 1925 
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effect of the antecedent diets on this piocess I cannot think of any 
reason why antecedent diets rich in sugars should cause a more lapid 
combustion of dextiose than diets consisting of fat or piotem The 
only other explanation appaient would be that there is a moie rapid 
elimination of the excess sugar thiough the kidneys This, howevei, 
cannot be held to be the explanation, because there was no postprandial 
sugar in the uiine of the peisons who had previously received the 
carbohydrate feedings 



Time of Blood Sugars 

Chart 3 — Daily cuives showing tolerance of rabbit 6 for dextrose The animal 
received 00075 cc of diphtheria toxin Two units of insulin were given sub- 
cutaneously each day fifteen minutes after the administration of dextrose The 
figures at the end of each curve represent the number of days of fasting and 
toxemia 

111 anothei senes of experiments ref ei red to earliei m this paper, I ^ 
showed that theie was a progiessive deciease in toleiance for sugar by 
labbits in the piesence of an inci easing toxemia That toxemia causes a 
decrease in toleiance foi sugai has long been known Two theoiies have 
been suggested to explain this effect Tisdall and his co-woikeis® 

8 Tisdall, F F , Drake, T G H, and Brown, Olan Production of 
Lowered Carbohydrate Toleration in Dogs, Am J Dis Child 32 854 (Dec ) 1926 
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suggested that it is a result of an increase in the glycogenolytic function 
of the body or an impairment of the ability of the organism to store 
carbohydrates Lawrence and Buckley have suggested that it is due to 
an increased glycogen oly sis resulting from the stimulation of the “'thyro- 
adrenal apparatus ” On the basis of what has been said in the preceding 
paragraphs, I am more inclined to explain the effect of toxemia by an 
impaiiment of the animals^ ability to store carbohydrates, which is but 
another way of saying that there is an impairment of glycogenesis It is 



Tine of Blood Sugars 

Chart 4 — Dailj^ curves showing tolerance of rabbit 7 for dextrose (control) 
Diphtheria toxin was not given Two units of insulin were given subcutaneously 
each day fifteen minutes after the administration of dextrose The figures at the 
end of each curve represent the number of days of fasting 

difficult to behe^e that glycogenolysis alone can account for the daily, 
progressnely abnormal postprandial blood sugars observed in the toxic 
rabbits to which I hate referred If gl) cogenolysis was the cause, it 
would appear that dextrose itself might be stimulating that process, 
because the postprandial blood sugars rise to materially higher levels each 
da> I believe that the tendency for the blood sugars to be higher each 
day in fasting toxic animals is probably a result of glycogenolysis 


9 Lawrence, R D, and Bucklej, O B Brit J Exper Path 8 1, 1927 
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If It may be assumed, then, that the effect of toxemia is principally 
that of an impairment of an animars ability to store carbohydiates, and 
if the storage of caibohydrates is brought about by endogenous insulin, 
it may be suggested that the toxemia has a direct depressing effect on 
the production of insulin The experiments contained in this paper have 
demonstrated that the action of injected insulin is affected little if at all 
in toxic animals The logical deduction, therefoie, is that toxemia sup- 
presses the endogenous production of insulin From the expeiimental 
data at hand, this explanation seems to me to be more plausible than 
that of an increased glycogenolysis or a disturbed glycogenesis inde- 
pendent of endogenous insulin 

The hypothesis just outlined is consistent with certain clinical 
phenomena For example, on this basis the onset of diabetes during or 
following acute infections might be explained The occurrence of dia- 
betes during pregnancy might be explained m like manner The 
mechanism invohed m such cases would be suppression of insulin pro- 
duction from an inherently weakened pancreas, due to toxemia More 
and more attention is being paid to the role that heredity plays m the 
etiolog}^ of diabetes The raiiation in the doses of insulin requiied to 
control diabetes in those suffering from infectious processes may be an 
expression of the toxic effects on the remaining functioning islands of 
Langerhans 

SUMMARY AND CONCLUSIONS 

Daily tests of the tolerance for dextrose were made on rabbits in 
which toxemias had been produced with diphtheria toxin Two units of 
insulin were injected daily fifteen minutes after the administration of 
dextrose The toxemia appeared to have little, if any, effect on the 
injected insulin On the basis of these and preceding experiments, it is 
suggested that the effect of toxemia is that of a suppression of endog- 
enous production of insulin 

10 Von Noorden, C Die Zuckerkrankheit und ihre Behandlung, ed 8, Berlin, 
Julius Springer, 1927 
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The two quantitative clinical methods now available for estimating 
the degree of bihrubinemia are (1) the van den Bergh and (2) the 
icterus index The latter, although simple, has the disadvantage in that 
the degree of jaundice is expressed m arbitrary units of icterus index, 
instead of in milligrams of bilirubin, one unit being the color equivalent 
of a 1 10,000 aqueous solution of potassium dichromate It has been 
our aim in this work to inquire intp the basic colorimetric relationships 
between potassium dichromate and various solutions of bilirubin and to 
assign, if possible, a definite value in milligrams of bihiubin to the 
dichromate dilutions We have also investigated the effect of small 
amounts of hemolysis 

Murphy ^ and Davis - hav e adequately reviewed the history of the 
icterus index It has long been assumed that bilirubin was the pigment 
responsible for jaundice, as spectrophotometric analyses of jaundice 
serums correspond with the analj'ses of bilirubin made by Vierordt® in 
1876 Three yeais previously, he had published the results of analyses 
on seium showing an absorption band which was in the same region as 
bilirubin ^ Sheard and his co-workers ® hav’^e also compared jaundiced 
serums with solutions of bilirubin in serum and hav^e found them to be 
identical We agree with these vvoikers on the whole, although several 
of their statements will be discussed in the course of this paper 

* From the Department of Pathologj, The Universitj of Rochester School 
of Medicine and Dentistr}^ 

1 Murphy, Wm P An Easj Method of Estimating the Amount of 
Jaundice b} Aleans of Blood Serum, Boston M &. S J 194 297 (Feb 18) 
1926 Biliarv Svstem Function Tests, Arch Int Med 37 797 (June) 1926 

2 Davis, D The Determination of Icterus Index of Capillarj' Blood, 
Am J M Sc 172 848 (Dec ) 1926 

3 Vierordt, Karl Die quantitativ^e Specfralanaljse m ihrer Anwendung 
auf Phj'siologie, Physik, Chemie und Techologie, Tubingen, H Laupp, 1876 

4 Vierordt, Karl Die Anwendung des Spectralapparates zur Photometric 
des Absorptionspektren und zur quantitative chemischen Analyse, Tubingen, 
H Laupp, 1873 

5 Sheard, C , Mann, F C, and Bollman, J L Spectrophotometric 
Determinations of Purified Bilirubin, Am J Phvsiol 81 774 (Aug) 1927 
Magath, T B, and Sheard, C Spectrophotometric Analjsis of Blood Serum 
in Normal and Pathologic Conditions, Arch Int Med 39 214 (Feb ) 1927 
Sheard, C , Baldes, E J , klann, F C, and Bollman, J L Spectrophotometric 
Determinations of Purified Bilirubin, Am J Phvsiol 76 577 (Maj) 1926 
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METHOD 

For the purified bilirubin studied in this work we are indebted to Dr Hans 
Clarke in charge of the department of synthetic chemistry of the Eastman 
Kodak Company A short description of the method of preparation is found 
in the paper of Sheard, Mann and Bollman' 

For the greater part of the studies on the quantitative analyses of the 
various solutions, we have used a Bausch and Lomb spectrophotometer 
Kennedy,^ from this laboratorj, has recently described this particular instru- 
ment in detail The photometer is of the Martens type with extinction points 
at 0 and 90 degrees and a match point close to 45 degrees A slight constant 
deviation of the latter does not make any difference, as all of our solutions 
were examined first in one field and then m the other, and a sum of the two 
readings was taken This instrument covers the visual range adequately 
Hoivever, as our work has been with absorption bands in the violet end of the 
spectrum, where accurate visual readings are difficult, added accuracy has been 
obtained through the frequent employment of photographic records of the 
absorption bands These records were obtained on a Hilger quartz spectrograph, 
the property of the Research Laboratory of the Eastman Kodak Company 
through the courtesy of Dr C E K Mees, director of the laboratory, and 
the efforts of Messrs E E Richardson and Floyd Hertle, who have done the 
analytic work 

POTASSIUM DICHROMATE 

Our Stock solution of potassium dichroraate was prepaied bj' dis- 
solving 10 Gm of chemically pure crystals m a litei of distilled Avater 
To this solution 2 diops of concentrated sulphuric acid were added, as 
lecommended by Meulengiacht ® We believe this to be of impoitance, 
as a slight amount of alkali changes the dichromate to chromate with a 
coi responding change in color, the latter being more yellow and thus 
leading to consideiable error This change is particulail> apt to go 
unnoticed m the more dilute solutions Chart 1 expi esses graphicall} 
the absorption of 1 Gm of potassium dichi ornate per litei, wuth 2 drops 
of sulphuiic acid per liter and also the absorption of the same dilution of 
dichromate with 1 drop of concentrated sodium hydi oxide to 100 cc 
of solution This dilution of dichi ornate, which has an icteius index of 
10, has a rather low optical density m the visual legion , nevertheless, the 
curve of the absoiption band is extremely steep in the region in which 
we are interested, from 460 to 430 millimicrons, and fiom the chart it 
will be seen that the maximum absorption is in the ultiaviolet end of 
the spectrum, where this dilution gives an optical density greater than 2 3, 
the limit at which the Hilger spectrograph was set 

6 Sheard (footnote 5, first reference) 

7 Kennedy, R P A Spectrophotometnc Studv of Blood Solutions, Am 
J Physiol 79 346 (Jan ) 1927 

8 Meulengracht, E Em Bilirubmkolonmeter behufs klmischer Bestim- 
mung der Bilirubinmenge im Blute, Deutsches Arch f k'm Mev 137 38 
(Aug 12) 1921 
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It will be seen that the addition of alkali has definite!} changed the 
color, since the absorption band is inoied toward the ultraviolet As we 
should expect, this coriesponds with the absoiption band of potassium 
chromate Once prepared, the dichromate keeps well, for there was not 
an} perceptible change when it was kept in the dark foi two months or 
when It was exposed to the light for a similar length of time 

BILIRUBIN 

The chemical composition of biliiubin is still uncertain, but it prob- 
ably has the formula QaHgeN^Oc, containing two carboxyl groups which 
make it a weak acid “ The sodium salt is much more soluble than the acid 
Itself 
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Chart 1 — Graph showing the absorption of potassium dichromate The line 
vith the dark circles indicates the absorption of 1 Gm per liter of potassium 
dichromate with 2 drops of sulphuric acid per liter, the line with the light 
circles indicates the absorption of 1 Gm per liter of potassium dichromate 
with 1 drop of sodium hydroxide to 100 cc of solution 


The purified bilirubin with which we worked was insoluble without 
the addition of alkali in the serum of both man and dog As we were 
not ceitain that bilirubin occurs in nature as the salt or that the salt and 
the acid are photometrically identical, a number of different solvents 
were tried These included chloroform, absolute ethyl alcohol, acetone, 
a mixture of alcohol and acetone 3 1, the same mixture made alkaline, 
various aqueous buffei solutions and dog" serum The observations with 
these solvents are summarized 


9 Orndorff, W R , and Teeple, J E On Bilirubin, the Red Coloring 
Matter of the Bile, Am Chem J 33 215 (March) 1905 
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Bdiiubm m Chlojofojin — The quality of chloiofoim used was that 
geneially described as “foi anesthesia” and put up in blown glass bottles 
No difference was noted between Squibb’s and Malhncki odt’s, the two 
preparations used Fifty milhgiams of bilirubin was completely dis- 
solved in 200 cc of chloiofoim at the end of three da}'S in the incubatoi 
at a temperatuie of 37 5 C If the solution was kept in the icebox, the 
time requiied foi the bilirubin to dissolve was somewhat longer This 
stock solution was kept in dark blown, glass-stoppeied bottles, and sealed 
with paraffin As the stock solution was too dense foi spectiophoto- 
nietnc examination, vaiious dilutions weie made containing fiom 8 to 
40 mg per litei, the optimum for analysis being 20 mg 



WAVE 1£NGTH 

Chart 2 — Curves showing A the absorption of 20 mg per liter of bilirubin 
in chloroform and B the absorption of 16 mg per liter of bilirubin in dog serum 
The stock solution of bilirubin in serum contained 25 mg of bilirubin in 
50 cc of serum, 25 cc of hundredth-normal sodium hydroxide and 25 cc of 
hundredth-normal hydrochloric acid The dilution contained 16 mg per liter 
and 96 8 per cent serum densit 3 '’ of 055 at 450 millimicrons 

A chloiofoim solution of bilirubin contains two absoiption bands, 
one in the \isible spectrum and one m the ultraviolet There is almost 
complete transmission of red, oiange and yellow light and some tians- 
niission of green light Beginning at a wave length aiound 520 millimi- 
crons in the legion of the gieen, howeAer, it lapidly absoibs increasing 
amounts of green and blue lays, the maximum absoiption being around 
450 millimicrons The absoiption decreases thioughout the violet and 
into the ultiaviolet, the maximum transmission occuiring in the region 
of 350 milhmicions, when at first gradually and then moie shaiply the 
absorption uses to a maximum m the region of 250 milhmicions The 
curve is shown in chait 2 This cuive is not in accord with Vieiordt's 
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obsen^ations on a visual instrument, as he obtained increasing densities 
up to 430 millimicrons ® and even at 410 millimicrons wheie his curve 
ends Even at 450 millimicrons it is difficult to make comparisons This 
difficulty increases markedly the neaiei the ultraviolet is approached, 
until at 420 millimicrons readings are, in oui experience, impossible, 
due to the physiologic limits of the eye The lelative visibility of the 
human eye has been accurately detei mined for the different wave lengths 
At 450 millimicrons it is approximately 3 8 per cent of that at the maxi- 
mum, which IS at 556 millimicrons, at 420 millimicrons it is only 04 per 
cent of the maximum We have never tried to read below 440 milhmi- 
cions, and for 440, 450 and 460 millimicrons, we have taken the average 
of a number of readings It has not been uncommon to find a maximum 
deviation of optical density at 450 milhmicions of from 5 to 6 pei cent 
from the mean It is obvious that the photogiaphic records for the 
spectral legion from 400 to 440 milhmicions constitute the most accurate 
method available Foi one other reason we believe our visual readings 
aie more accurate than those of Vieiordt With oui instiument we 
have been able to work with an ocular shuttei width such that the field 
we are examining at 450 millimicrons is only from 0 8 to 1 millimicron 
111 width Judging by ceitain of Vierordt’s charts, we believe that from 
this region to 430 milhmicions he was working with a field from 5 5 to 
34 milhmicions in width Obviously, when examining the edge of an 
absorption band where the slope is steep, the narrower the field the more 
accuiate the detei mination 

For every true solution there is a quantitative relationship between 
the absorption of light and the concentration of the solution The factor 
which expresses this quantitative lelationship is usually designated as 
the absoiption ratio “A” which is a constant foi a particular substance in 
the same solvent at a given wave length The relationship may be expressed 
by the equation C = A X^m which C is the molecular concentration, 
A, the absorption ratio , D, the optical density (logarithm of opacity, 
opacity being the leciprocal of the transmission) and H, the thickness 
In all of our readings we have used a cell of unifoim thickness, 1 cm 
Theiefore, H — 1 and C = A X D and A=F 

Using this formula and expressing "C” in milhgiams per liter, we 
have determined the latio of absorption for bilirubin in chloroform at 
450 millimicrons, and have found it to be 11 4, this being an average of 
the readings of four different observers in this laboiatory during the 
couise of sixteen months All obseivations weie made on freshly pre- 

10 Kruss, Gerhard and Hugo Kolorimetne und quantitative Spekral- 
anabse, Leipsic, Leopold Voss, 1909 

11 Illuminating Engineering Nomenclature and Photometric Standard 
Transaction, Eng Soc 20 632 (Jul}') 1925 
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paied chloioform solutions of purified bilirubin with concentiations 
varying from 8 to 20 mg per litei Theie is a maximum deviation fioni 
the mean of 9 5 pei cent and an aveiage deviation of 5 5 per cent Con- 
sideiing the part of the spectrum m which we aie woiking, we do not 
legal d this as excessive 

In table 1 oui detei niinations aie compaied with those obtained 
from two other souices The fiist are the latios computed fiom the 
readings furnished us by the Eastman Kodak Company obtained on 
then quartz spectiogiaph Two observations each gave a ratio of 11 77 
The second set of figures aie by Vierordt quoted by Kruss It is 


Tabie 1 

— Absoi ffhau Ratw<; of Bthnihtu in 

Chlot of 01 lit 


Observer 

Date Mg per Eitei 

Wave Length 

P 

A = C/E 

E P K 

3/10/2C 

10 

449 5 - 150 5 

0 882 

1135 

w w 

if 7/27 

20 

449 5 - 450 5 

173 

11 56 

E E 

6/2S/27 

20 

4491-450 5 

1935 

10 35 

P E 

6/2S/27 

10 

449 5 - 450 5 

0 829 

12 05 

E E 

0I2SI2S 

11 

4495-4505 

1192 

12 60 

E E 

6/28/27 

8 

449 5 - 450 5 

0 655 

12 22 

0 0 

7/ 7/27 

20 

449 5 - 450 5 

1851 

10 77 

O O 

7/11/27 

20 

449 5 - 450 5 

1 SIG 

1100 

r F 

7/12/27 

20 

4495 450 5 

1918 

10 42 

E E 

7/13/27 

20 

449 5 - 450 5 

1710 

1167 

Menu value for A 





1140 

Maximum deviation from mean for A 




9 5 per cent 

Average deviation from mean for A 




5 5 per cent 

E K Co 

7/28/27 

20 

Approx 450 

1700 

11 77 

E K Co 

7/29/27 

20 

Approx 450 

1700 

1177 

Mean value for A 





1177 

Vierordt 

1876 

5 

437 - 450 

0 475 

10 53 

Vierordt 

1876 

5 

450 - 162 

0 469 

10 67 

^ leroidt 

1876 

12 5 

450 - 462 


12 23 

Mean value for A 





1114 

Maximum deviation from mean for A 




9 79 per cent 

A\ erage deviation from mean for A 




6 48 per cent 


D indicates the optical density (negative logantlim ol transmission), O, the concentration 
in milligrams per liter, E, the extinction coeflicicnt (equal to I> nhen thichness ot cell contain 
mg solution is 1 cm ) and A, the ratio of absorption (equal to 0/P) 


lathei difficult to compaie these figuies accurately as they have to be 
coil elated with our leadings of the wave length The field examined 
was wide, and the ratio diffeied raaikedly for diffeient concentiations 
As we have aieiaged them, howevei, the ratio of absoiption is 11 14 with 
a maximum deviation of 9 79 per cent 

Instability of Chloiofoim Solution of Bihinbin — We have had a 
concentiated solution of biliiubin in chloiofoim (50 mg per bundled 
cubic centimeteis) in an icebox foi seventeen months It was kept in a 
blown, glass-stoppered bottle During that time it had faded appioxi- 
mately 20 per cent as judged by single dilutions prepared at each end of 
the period We have kept dilute solutions 20 mg pei liter in the dark 
foi SIX weeks, and have found at the end of two weeks that the leadings 
were identical within the limits of erroi, while at the end of foui and 
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SIX weeks there was definite fading of fiom 7 to 10 per cent 
Richardson said that he had detected obvious fading in such a solution 
in three days when kept in the dark When exposed to the light, ei'en 
subdued light, the color fades rapidl} It has been our expeiience that 
when a tightly corked test tube containing a solution of 20 mg pei liter 
IS left in. the light of a northern window on a bright day, wheie theie 
are no direct sun rays, the color will have faded so much in six houis 
that it is impossible to make a spectrophotometi ic analysis The same 
solution, which showed a fading of only 7 pei cent when kept in the 
dark for six weeks, showed a fading of 12 per cent of the lemainder 
when left in the beam of the spectrophotometer for four houis, the 
source of light being a 250 watt bulb It is obvious that anafises on 
freshly prepared solutions of biliiubin should be made quickly, and 
that at all other times the bilirubin should be kept in the dark 

Acetone — Five milligrams of bilirubin were paitially dissolved in 
100 cc of acetone at the end of one week at room temperatuie Theie 
was no more in solution at the end of six weeks The curve resembled 
the chloroform cuive The maximum optical density occurred at 450 
millimicrons and, with a 1 cm layer, aveiaged 0 67 

Absolute Alcohol — Five mdligrams of bilirubin remained practically 
undissolved in 100 cc of absolute ethyl alcohol at the end of six weeks 
There was insufficient color m the solute to peimit an analysis It is to 
be remembered that m the preparation of purified bilirubin Orndoiff 
and Teeple ° found that it was insoluble in absolute alcohol 

Absolute Alcohol, Alkabne — To the foregoing solution we added 1 
cc of tenth-normal alcoholic sodium hydroxide (the hydroxide being dis- 
solved in 95 per cent alcohol ) The bihiubm immediately went into 
solution It was diluted to 20 mg per liter, and a spectrophotometnc 
analysis was made The point of maximum absorption was still at 450 
milhmicions, but the curve did not seem so steep as that when chloro- 
form was used The optical density, too, was only 1 17, much less than 
any equivalent concentration m chloroform 

Alcohol (3 paits of 95 pei cent) — Acetone (1 part) Mi'ituic — 
Twent 5 '^-five milligrams of bilirubin lemained practically undissolved in 
100 cc of alcohol-acetone mixture for three days Owing to the tuibidit} 
of the solution, curves were not made 

Alcohol-Acetone, Alkaline — To the foregoing mixture we added 
1 cc of tenth-normal alcoholic sodium hydroxide The bilirubin imme- 
diately dissolved This alkaline mixture was then diluted with the stock 
alcohol-acetone mixtuie to a concentration of 10 mg per liter, and a 

12 Richardson, E E Research Laboratorj" Eastman Kodak Company, 
personal communication to the authors 
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curare vas rriace. li-re the alkaline alcoholic cur"e the optical density* 
Tras act so great as vrr.ea an. equivalent chloroform dilution vras usedj 
and the cnare vras rot so steep. 

Ao read's So'u'Eo-j’s . — ^Five milligrams of biLrubin were practicali\' 
tmdlssoh'ed in chstihed water at the end of a vreef: It immediately vrent 
into solution on the addition of a teov drops of concentrated sodium 
hydroaide. Various baser soluscns were made, and several rough 
colorimetric calculations of Th mere made according to the method ot 
Qark and Labs -- It vras found that bilirubin would quickly dissolve 
in a weak solution of sodium carbonate, with a Te unknown but greater 
man 9JS It remained an dissolved in a solution of disodium phosphate 


a f 


around 9 6. 


These solutions were much more unstable colorimetrically than the 
solutions in chilorofcrm. V.'hen test tubes containing these dilutions 
were brought into daylight in test tube raclm so constructed that the 
io*^er porticn of the tube was partiaii 3 - protected from the light, it was 
found that the porticn of the solution exposed to the light had become 
practically colorless at the end of tvro hours while the solution in the 
lower peruon cf the rubes still contained much of its color. 

DYES 

In mew c£ the fact that the curves showing the absorption or bili- 
rubin and potassium dichromate are obviously diSerent. an attempt was 
made to find a yellow dye which would more nearly resemble bilirubin 
Aqueous solunons of quinohne yellow, fast yehow. fiavazine and 
chrv-soidme Y were prepared The absorption spectra of all of 
these with the eccepuon of cru-v'soidine Y differed markedly from 
that c<f bflirubm. On thecreucai grounds chrysoidine should be fairly 
saPsractory. as its maximum absorpron occurs m the resion ot ■— cO 
millimicrons the same as fflirubin and the cunre is fairly sharp but 
mmorrunateiy tne aqueous solution does not match jaundiced serum 
near?- sc well as pjtassium dichromate, which, despite its theoreticai 
disadvantages wcriis surpr singly well and will probabh* continue as a 
standard untii a better one has been developed 


BILXPUEIX DCSSOm'EP IX DOG SERUII 

-As mus problem is parurularh' concerned with bnirubinemia. it was 
meught advisable to measure tne color or to determine the absorption 
curve or ceutnte Imawn amounts of bdimbin in known amounts of 
serur. A serum wruch dees not contain any pigments would be ideal 
tor this purpose. As ccg serum contains comparatively little and :s easily 





436 


ARCHIVES OF INTERNAL MEDICINE 


Healthy stock dogs were used, and from 100 to 300 cc of blood was 
drawn by suction directly into 100 cc centrifugal tubes under liquid 
petrolatum The blood was drawn from twelve to twenty-four hours 
after a meal These tubes were left at room temperature for two hours, 
and the blood was then centiifugalized Any tubes showing hemolysis 
or undue turbidity were discarded The remaining serum was pooled, 
and a complete spectrophotometric curve was made covering not only the 
region of absorption of bilirubin but also that of hemoglobin 

As recorded by Sheard, Mann and Bollman,® this bilirubin is insoluble 
in serum without the addition of alkali We followed a slightly different 
piocedure than they We dissolved 25 mg of purified bilirubin in 25 cc 
of hundredth-normal sodium hydroxide This amount was then quickly 
dissolved in 50 cc of serum, and any tendency toward alkalinity was 
neutralized by the addition of 25 cc of hundredth-normal hydrochloric 
acid Owing to the presence of the serum, these stock solutions did not 
keep indefinitely, but rather became turbid after remaining in the icebox 
Dilutions were immediately made fiom these stock solutions, however, 
both seium and salt solution being used 

The spectrophotometric curve of bilirubin dissolved in serum difteis 
from that of bilirubin dissolved in chloroform Possibly this is because 
m chloroform the bihiubin is present as such, while in the serum it may 
be present as a salt At any late, bilirubin in serum has an absorption 
band in the visible spectrum with a point of maximum absoiption 
between 460 and 470 millimicrons with a lesser peak between 420 and 
430 millimicrons and a depression in the hump in the legion of 440 
millimicrons In the ultraviolet end of the spectrum, there is a marked 
difference in the two curves The solution of chloioform has its band of 
maximum absorption m the legion of 250 millimicrons, while the solution 
of serum has its maximum absorption in the legion of 310 millimicrons 
The point of minimum optical density in the ultraviolet in the solution of 
chloroform occuis around 340 milhmicions and is rather low In the 
dilution of serum it occurs at 370 millimicrons and is relatively high 
Chart 2 illustrates the differences m these curves both in the ultiaviolet 
and in the visual up to 510 millimicrons 

We note that this cuive does not agree with the obser\ations of 
Sheard, Mann and Bollman ® who give an increasing density for bihiubin 
in alkaline seium up to 430 millimicrons These same observers with 
their co-workers find that bile and jaundiced serum have an increasing 
density up to 430 millimicrons and even to 420 millimicrons, at which 
point their curves end Occasionally, we have found a dilution of bile 
from the gallbladder which apparently has a greater absoiption at 440 
than at 450 millimicrons We have uniforml) found that normal serum, 
jaundiced serum and jaundiced ascitic fluid have their maximum absorp- 
tion at 450 millimicrons 
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We ha\e also determined the absorption ratio for bilirubin dissoKed 
in serum at 450 millimicrons In all figuring it ^\as necessar}' to take 
account of the effect of tlie turbidity and the bilirubin present in the 
normal serum used as the soh ent and diluent Two separate methods 
of doing this nere emplo}ed The simplest method uas to fill one cup 
of the spectrophotometer with the solution to be examined and to fill the 
other cup with tlie diluting serum As all of the dilutions i\e studied 
in the spectrophotometer contained from 96 to 99 2 per cent of this 
serum, the error due to i arming amounts of serums was negligible The 
other method we used n as to fill one cup of the spectrophotometer with 
the solution to be examined and the other cup with ^^ater This neces- 
sitated making an examination of the serum and subtracting from ever} 
reading for the unknown solution a calculated correction for the presence 
of the serum The results from these t\^o methods were comparable. 
Dilutions ranging from 2 to 20 mg per liter were prepared from three 
separate stock solutions, and the absorption ratio of A = 10 88 \\ as 
determined for a wa\e length of 450 millimicrons On eighteen readings 
there as an a\ erage de\nation from tlie mean of 3 25 per cent and a 
maximum deviation of 8 5 per cent We would again stress the impoi- 
tance of making readings onl}* on freshly prepared solutions, since these 
solutions rapidly become turbid and since turbiditi markedly increases 
the density 

An attempt iias now made to assign definite \alues m milligrams of 
bilirubin to the various dilutions of dichromate These dilutions were 
made as outhned by Murphy^- wnth indexes ranging from 1 to 100 
Wassermann tubes of a umform internal bore of 12 5 mm were filled 
with these solutions corked, labeled and sealed with paraffin Thus 
sealed they keep indefinite!} For reading our indexes w^e ha-\e con- 
structed a small wooden box 17 by 8 5 by 3 5 cm Six holes 16 mm in 
diameter, were bored in one of the narrower sides The Wassermann 
tubes fit snugly into these holes and sit m depressions on the opposite Side 
of the box, thus firmly fixing the tube Six parallel longitudinal slots 
7 5 mm m width w ere cut through the w ide side of the box, the center 
of the slot being direct!} o^er the midline of the tube Small wooden 
partitions separate the spaces for the tubes into compartments The 
whole box is painted black There is no ground glass or other backing 
to the box, all readings being made against a northern sk}- by daylight 

A^arious dilution'; of bilirubin in serum were then made containing 
from 1 to 100 mg of bilirubin per liter The approximate icterus index 
of each of these dilutions was then determined A more accurate com- 
panson was then made using a Duboscq colorimeter as ad%ocated b} 


14 Murphy (footnote 1, second reference) 
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Bernhardt and Mane In eveiy case the seium was matched as an 
unknown against an approximately equivalent dichromate solution The 
dichromate was set at 10, and the leadings foi the seium were deter- 
mined Fiom this reading the equivalent value of dichromate in icterus 
index (hundieds of milhgiams of dichromate pei liter) was determined 
In each case, however, it was necessaiy to make a correction for the 
amount of bilirubin present in the normal serum befoie the bilirubin was 
dissolved This correction was merely a subtiaction of the icteius index 
of the normal serum previously determined Thus, potassium dichro- 
mate (icterus index 5 containing 500 mg per liter) set at 10 is matched 
by synthetic serum containing 6 mg of bihiubin pei liter set at 8 1 



Chart 3 — Graph showing concentration of bilirubin in milligrams per liter 
plotted as ordinates against dilutions of potassium dichromate plotted as 
abscissas 

Serum containing 6 mg bilirubin = 617 icterus index The 

normal serum, however, which was used as the soFent and diluent was 
known to be equivalent to an icterus index of 2 1 Therefore, 6 mg 
bilirubin per liter = 6 17 — 21=4 07 icterus index 

Chart 3 is a graph in vvduch the concentrations of bilirubin expressed 
in milligrams per htei aie plotted as ordinates against dilutions of 
potassium dichromate plotted as abscissas Five separate solutions of 
bilirubin in serum were thus matched and fifty-seven points recorded 

IS Bernhardt and !Maue, cited by Stetten, DeWitt The Surgical Value 
of the Estimation of the Bile Pigmentation (Icterus Index) of the Blood 
Serum, Ann Surg 76 191 (Aug ) 1922 
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It will be noted that a straight line drawn thiough the maximum number 
of points IS almost an exact diagonal of the graph In other words, an 
icterus index of 100 is equivalent to 100 mg of biliiubm pei liter, an 
icterus index of fiom 50 to 50 mg of bilirubin per liter and an icteius 
index of 16 to 16 mg per liter In the weaker dilutions the per- 
centage of erioi IS incieasmgly highei, and with an icterus index of 6 or 
below, the eiior may be maiked It will be seen, however, that the enoi 
IS gieatest m the range of noimal seium, and that the compaiison 
becomes increasingly accuiate the moie jaundiced the seium 

We know that the noimal seium has an icteius index of from 3 to 8, 
usually fiom 4 to 6 Estimating from our giaph, we would assign to 
these indexes values of fiom 4 to 10 mg of bilirubin per litei This is 
in accord with what certain other workers have assumed Why this 
relationship should obtain between two substances with such different 
absorption spectra we cannot explain We do know, howevei, that this 
same lelationship does not obtain between potassium dichi ornate and the 
chloroform solutions of bilirubin Although dichromate has a greatei 
absorptive power for light than the biliiubin solution with which it 
matches, it is probable that the absoiption is, foi the gieatei pait, toward 
the extreme violet and the ultiaviolet end of the spectium beyond the 
region of perception by the eye, and that the transmitted light integiates 
to give the same visual effect 

Tuibtdify — Two of the chief obstacles to accuiate quantitative detei- 
minations of pigment in seium aie turbidity and hemolysis Any method 
which would eliminate either of these would make foi much gi eater 
accuracy Einst and Forster^' have appaiently used both alcohol and 
acetone sepaiately to piecipitate the pioteins and to clear the seium 
Magath, Sheaid, Mann, Bollman and Baldes haAe used a mixtuie of 
alcohol (4 paits) and acetone (1 part) later changed to 3 1 for the same 
purpose 

We have tiied alcohol and acetone separately, alcohol-acetone mix- 
tures and an alcohol-acetone inixtuie made alkaline We have used one 
or all of these on jaundiced serum, both human and dog, on diluted bile 
(obtained at autopsy), on bihiubin dissolved in seium and on bihiubm 
dissolved in chlorofoim All of these precipitants i educe the tmbidity 
of seium, but in every case they precipitate a certain amount of pigment 
Chart 4 presents graphically our expeiiences with foiii of these solu- 
tions, namely, jaundiced serum of man and dog, diluted bile and bilirubin 
dissolved in chlorofoim 


16 Forster, J Ueber Die normalen Werte Des Bihrubingehaltes im 
Blutserum, Klin Wchnschr 4 1689 (Aug 27) 1925 

17 Ernst, Z, and Forster, J Ueber die Bestimmung des Blutbilirubins, 

Klin Wchnschr 3 2386 (Dec 23) 1924 



4^10 ARCHIVES OF INTERAAL MEDICINE 

In every case the substance examined was diluted with physiologic 
sodium chloride to a concentration which could be easily read Identical 
dilutions were then made vath the various mixtures as indicated All 
tubes were allowed to stand for two hours and the solution was then centri- 
fugahzed, the supernatant fluid was anal)'zed and the readings were 
lecorded In most cases the remaining solution was allowed to stand 
for twenty-Uvo hours more , it was again centrifugahzed and analyzed 
In ever}r case there was more fading at the end of twenty-four 



Chart 4 — Curves showing the effect of precipitants on various solutions of 
bilirubin A indicates the curve when saline was used, B, alcohol-acetone, C, 
alkaline alcohol-acetone, D, acetone, E, absolute alcohol and F, chloroform In 
figures 1 and 2 the dilution was 1 4, in figure 3, 2 1 and in figure 4, 1 9 

hours than at the end of two houis That this precipitation is a matter 
of importance is illustrated in chart 4 (fig 1), which shows a loss of 
color in jaundiced serum of over 70 per cent due to the pi ecipitation with 
the alcohol-acetone mixture Diluted bile showed a loss of over 80 per 
cent of the total pigment due to the alcohol-acetone mixture (chart 4, 
fig 3) In no case have we found moie color lost than that already 
recorded, in many cases considerably less In ceitain instances alcohol 
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or acetone alone have apparently made little difference (chart 4, fig 4) 
In chart 4 (fig 2) we have also recorded the effect of making the 
alcohol-acetone mixture distinctly alkaline (1 cc of tenth-normal alcoholic 
sodium hydroxide to 100 cc of alcohol-acetone mixture) It has appar- 
ently not alteied the fact that the mixtuie precipitates a large amount 
of pigment, in this case over 30 per cent In view of the fact that we 
have demonstrated the relative insolubility of bilirubin in these various 
solvents without the addition of alkali, we do not think it at all surprising 
that this precipitation should occur In this connection it is interesting to 
speculate on the accuracy of the van den Bergh reaction, which requires 
the addition of two volumes of 96 pei cent alcohol to one volume of 
serum to precipitate the proteins before any attempt is made to estimate 
the “units of bilirubin ” Bernheim has also hinted at this inaccuracy 
Further comment is made b}’’ Perkin 

In their latest communication Sheard, Mann and Bollman sa> that 
they have found it necessary to add alkali to the alcohol-acetone mixture 
when working with the purified bilirubin They also say that when 
working with the serums of normal and jaundiced dogs they have added 
only the alcohol-acetone mixtuie They appaiently content themselves 
with the statement that “Tests have demonstiated that the solutions pre- 
pared in this manner are slightly alkaline ” They do not state whether 
they have compared the bilirubin content of these dilutions with control 
dilutions Using these precipitants, we too have found transmissions of 
90 per cent or better (density 0 05 and less) in the region between 500 
and 700 millimicrons, but by this method we have precipitated from 30 
to 80 per cent of the pigment , This erior is many times greatei than 
that due to the turbidity present in carefully collected serum 

Effect of Hemolyses — We cannot agree with the statement of 
Brown that slight hemolysis does not vitiate the icterus index test We 
hav^e taken jaundiced serum and made various saline dilutions giving 
an icterus index range of from 1 to 50 Five cubic centimeters of these 
dilutions was pipetted into our icterus index tubes These were read and 
recorded The blood of a normal dog was taken m liquid oxalate such 
that It contained 9 Gm of hemoglobin per hundred cubic centimeters 
A 10 per cent hemolyzed solution of this was made m 0 4 per cent 
ammonia Then a dropper freeing 25 drops per cubic centimeter was 

18 Van den Bergh, A A , and Snapper, J Die Farbstoffe des Blutserums, 
Deutsches Arch f khn Med 110 540 (May) 1913 

19 Bernheim, A R The Significance of Variations of Bihrubmemia, 
Arch Path 1 747 (May) 1926 

20 Perkin, F S Blood Bilirubin, Estimation and Clinical Significance, 
Arch Int Med 40 195 (Aug ) 1927 

21 Brown, A L Rapid Clinical Method for Determination of Icterus 
Index, Arch Path 3 409 (March) 1927 
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used, a drop of blood being placed in each tube and the icterus index 
read Additional drops were added one at a time to each tube until 
the hemolysis could be easily seen The latter point, being a matter of 
individual decision, is subject to wide %ariation, and although at the 
points we have decided on there aie relatively large amounts of hemo- 
globin, we doubt if the ordinary observer would detect amounts much 
below these points Frequently before we could detect any hemolj'Sis 
grossly we could determine that the solution was definitely off color, but 
below this point the addition of hemoglobin simply raised the icterus 
index leading of different dilutions This is giaphically expiessed in 
table 2 It is interesting to note that although the hemolj^sis is fiist 
noticed m the lower ranges, from icterus index 1 to icterus index 5, it 
affects the readings in this region little if at all Above icterus index 7, 


Table 2 — Icteius Indexes of Vat tons Dilutions of Jaundiced Set uni 
JVtth and Without the Addition of Hemolyced blood (1 Dtop 
Blood = 0007 Pet Cent) 



Serum 

Serum 

Serum 

Serum 

Serum 

Hemoljsis 

Icterus 

Plus 

Plus 

Plus 

Plus 

Plus 

Evident, 

Index of 

0 00?% 

0 014% 

0 021% 

0 028 % 

0 035% 

per Cent of 

Serum 

Hemoglobin 

Hemoglobin 

Hemoglobin 

Hemoglobin 

Hemoglobin 

Hemoglobin 

1-2 

2 

3 

* 



0028 

2-3 

2-3 

2-3 

2-3 

* 


0035 

3-4 

3-4 

3-1 

3-4 

* 

* 

0 042 

4-5 

4-5 

4-5 

4-5 

* 

* 

0 049 

7-8 

8-10 

10-12 

10-12 

* 

* 

0 033 

8-10 

12-15 

12-15 

12-15 

15-20 

* 

0077 

12-15 

15-20 

20-25 

25 

35 

* 

0 084 

15 

15-20 

25-35 

25-35 

35-50 

* 

00^ 

15-20 

20-25 

35 

35-50 

50-75 

75-100 

OOS4 

20-25 

25-35 

35-50 

50 

75-100 

100 

OOS4 

25-35 

35-50 

50-75 

75 

lOO 

lOO 

0 077 

35-50 

35-50 

50-75 

75-100 

lOO 

100 

0 070 


* Solution off color 

Bold faced figures denote the nearest index 


however, the leadings are increased e\en with one diop of the 10 per 
cent solution of hemolyzed blood udiich is a concentiation of hemoglobin 
of 0 007 per cent (1 14,000) 

Kennedy-” has lecently discussed the \alue of light filters in coloi- 
imetr)’- As two of the absoiption bands of hemoglobin occur in an 
entirely different part of the spectrum, 540 and 575 millimicrons, it was 
thought that if the solutions could be compaied through a light filter 
which would cut out rays of a greater wave length than 500 millimicrons 
and yet have a high tiansmission in the region of 450 millimicrons, at 
least a part of the effect due to the hemoglobin could be ruled out The 
Wratten light filter no 47 made by the Eastman Kodak Company seemed 
to fulfil these requirements It is a blue filter which effectively cuts out 

22 Kennedy, R P The Use of Light Filters m Colorimetry with a 
Method for the Estimation of Hemoglobin, Am J Physiol 78 56 (Sept ) 
1926 
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the bands of hemoglobin at 540 and 575 millimicrons There is another 
band of hemoglobin the same as bilirubin in the region 450 millimicrons 
ObMously, no light filter can be expected to differentiate between this 
band and the band of bilirubin Our only objection to filter no 47 is 
that even at 450 millimicrons there is an optical density of approximately 
0 3 Dr Mees kindl} provided us uith a special blue filter 846-2 uhich 
is as effective in removing the hnes of hemoglobin, and which at the same 
time has a density of approximately 01m the region of 450 millimicrons 
Chart 5 illustrates how light filter 846-2 excludes light rays in the region 
of ti%o of the bands of hemoglobin, while gning a high transmission in 
the region of maximum absorption of bilirubin In reading the solutions 
It apparently made little difference whether the filter nas held m front 
of the eye n ith the solutions at arms length or whether the filter was 



47U 450 510 tjy 670 


Chart 5 — Graph showing how light filter excludes light raj s in the region of 
tvo bands of hemoglobin but jet has high transmission in region in ^\hlch bilirubin 
has great absorption A indicates bilirubin in chloroform, B, o\j hemoglobin and 
C, light filter 846-2 

placed in the box just behind the tubes In either case, the solutions 
appear as blue to green, depending on the amount of the yellow pigment 
present 

In table 3 we show the effectiveness of comparing solutions through 
these filters Column 1 shows the icterus index of the saline dilutions of 
the serum , column 2 the icterus index of the different dilutions with the 
addition of three drops of the solution of hemolyzed blood , column 3 the 
indexes read through filter 846-2, and column 4, the indexes read through 
filter 47 

There appears to be little choice between these two filters except in 
the upper ranges, w^here wnth the dark solutions the greater density of 
no 47 IS a disadvantage It wull be noted that in ejerj case in w^hich 
hemolysis had increased the icterus index reading, the filters hai'e 
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restored it almost to normal and at the same time have not changed the 
readings which had not been increased by hemolysis These filters have a 
definite but limited value We strongly advise against the attempt to 
read the icterus index of anj' serum showing giossly evident hemolysis 

SUMMARY AND CONCLUSIONS 

1 The solubilities and spectrophotometric qualities of bilirubin in 
^arlous solvents have been studied 

2 Vanous solutions of potassium dichromate aie compared with 
solutions of purified bilirubin dissolved m seium It was found that an 

Table 3' — Icterus Indexes of Various Dilutions of Jaundiced Seium Befoie 
and After Addition of 3 Diops of Hemolyzed Blood Read 
With and Without Filteis 


Icterus Index 

Serum Plus 

Pilter Number 

Pilter Number 

of Serum 

0 021% Hemoglobin 

816-2 

47 

4-5 

4-5 

4-5 

4-5 

7-S 

10-12 

7-8 

7-8 

8-10 

12-15 

10-12 

10-12 

12-15 

25 

12-15 

12-15 

15 

23-35 

15 

15 

15-20 

35-50 

20-25 

20-25 

20-25 

50 

25-35 

25-33 

25-35 

75 

35-50 

35-50 

35-50 

75-100 

50 

50 


Bold faced figures denote the nearest index 

icterus index of 100 matches roughly a synthetic jaundiced serum con- 
taining 100 mg of bilirubin per liter and that weaker dilutions are nearly 
proportional 

3 In an attempt to remove the turbidity of jaundiced serum by the 
addition of alcohol-acetone mixture, it is frequently found that from 
60 to 75 per cent of the bilirubin is precipitated 

4 It IS shown that amounts of hemolysis which cannot be detected 
b)’- the eye greatly increase the icterus index readings unless a light filter 
IS used 

5 With specific blue color filters it is possible to determine fairly 
accurately the icterus index of serums containing a relatively large 
amount of hemolysis 



URINARY PROTEINS NOT ORIGINATING IN BLOOD 

WILLIAM A THOMAS, ^I D 
KARL W SCHLEGEL 

AND 

EDMUND ANDREWS, MD 

CHICAGO 

The ongin of the albumin in the mine is intimately concerned with 
the fundamental metabolic disturbances of nephritis Immunologic 
studies of these proteins have thus far pioved almost totally unpio- 
ductive on account of the fact that seium piotems aie usually piesent 
in albuminuiias, and the sepaiation of this blood seium fi action has 
thus far pioved impossible 

Aside fiom the Bence-Jones piotein which is probably not concerned 
in the pioblem of nephritis, puie uimary piotems have only been pre- 
pared 111 a few isolated cases in which ciystalhzation took place Such 
cases liaie been reported by Paten, ^ Bayne-Jones - and Hektoen, 
Kietschmer and Welkei,® and a large senes of cases by Welker, Thomas 
and Hektoen"^ Excretion of piotem-containing urine fiee fiom blood 
proteins has never been leported In the cases quoted, the workers 
were unable to extract any proteins from tissues which reacted with 
antiserums piepaied foi the urinary proteins 

The surest method of identification of the piotems is the immunologic 
technic already made use of by Hektoen and Welkei ® Rabbits are 
sensitized by the injection of blood proteins, and then serums will show 
positne precipitin reactions in dilution of 1 to 500,000 to this piotem 
Except as stated before, it has hitheito been impossible to prepare pure 
urinary piotems free from serum proteins, and therefoie these 
immunologic methods have failed to identify their souices 

1 Bramwell, B , and Paten, D N On a Crystalline Globulin Occurring in 
Human Urine, Reports of Lab Roy Coll Phys , Edinburgh, vol 4, pp 4, 7 
and 1092 

2 Baj ne-Jones, S , Wilson, D W , and Everett, H S Precipitin Reactions 
of Crystalline Glonulin from Human Urine, Bull Johns Hopkins Hosp 34 77 
(Juh) 1923 

3 Hektoen, Ludvig, Kretschmer, H L, and ^¥elker, H A Peculiar 
Cr 3 stanin 6 Protein in Human Urine, J A M A 83 1154 (Oct 11) 1924 

4 \¥elker, W H , Thomas, \¥ H , and Hektoen, Ludvig Urinary Pro- 
teins — Crystalline Proteins of Nephritis, J A M A 86 1333 and 1334 (May 1) 
1926 

5 Hektoen, Ludvig, and Welker, W H The Precipitin Reaction of 
Fibrinogen, JAMA 85 434 and 435 (Aug 8) 1925 
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In a pievious report, one of us (Andrews)® showed that the charac- 
teristic uremic syndiome can be produced by the injection of hypei tonic 
salt solutions into animals made acid by the absorption of autogenous 
edema fluid The clinical, chemical and histologic picture of uremia is 
accurately reproduced by this experimental method In these experi- 
ments profound pathologic changes in the liver cells were noted, a 
chloride concentration higher in the liver than in the other organs, and 
evidence of the presence of an extreme distortion of the calcium- 
potassium ration It was suggested that as a result of a great increase 

Table 1 — Ptoterns tn Uiine of Dog in Uremia (Whole Urines) 


Experi- 

Protein 

Biuret or 

Benzi- 



Precipitin Reaction— 

Serum 1,500,000 



Undiluted 








ment 

Heller 

dine 

1 10 

1-50 

1 100 1 

1,000 1 50,000 1 100,000 1 500,000 

1 A 

-t- 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

B 

•4“ 
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+ 

0 

0 

0 

0 

0 

0 

0 

-f 
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0 

0 

0 
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0 
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in the permeability of the Inei cells soluble proteins were allowed to 
leak into the blood stream, and that they were excreted in the urine It 
has also been assumed that passage of foreign pioteins through the kid- 
ney epithelium will eventually bring about a leakage of serum proteins 
as well 

With these points in view, studies were undertaken of the pioteins 
in the urines of dogs in artificial uremia, bi ought about as described by 
Andrews® Two rabbits were sensitized to dog blood protein by the 
method previously described so that they reacted positively in dilutions 
of 1 to 500,000 


6 Andrews, Edmund Artificial Uremia, Arch Int Med, to be published 
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The urinary pioteins were obtained by catheter from female dogs 
Specimens were collected at short mteivals and kept separate Heller’s 
test on each sample was later confirmed by Biuret tests Numerous 
samples were spoiled by the presence of tiaumatic blood as evidenced 
by positive benzidine tests Table 1 is a summary of those results in 
specimens which weie blood-free and still gave strong protein reactions 
The negative precipitin reactions, even undiluted in some cases, showed 

Table 2 — Pioteins m Uitne of Dog in Utemia (1 Pci Cent Solution of 

Pimfied Pioteins) 


Protein 

, » , Precipitin Reaction— Serum 1,500,000 

Eixperi- Biuret or Benzi , * — — 1 

ment Heller dine Undiluted 1 10 1-50 1 100 1 1,000 1 50,000 1 100,000 1 500,000 


A + 0 0 0 

B -1- 0 0 0 

O -f 0 ?-(- ? 

D -1- 0 0 0 

E -I- 0 + + 


0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 


0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 


Table 3 — Pioteins in Unites of Dogs Undei Ether Anesthesia 


Heller Precipitin Reaction-Serum 1,500,000 

or Benzi- , * 


Dog 

Time 

Biuret 

dine 

Undiluted 

1 10 

1 50 

1 100 

1 1,000 

1 50,000 ] 

L 100,000 

1 500,000 

B 

1 30 

4* 

0 

+ 

4- 

0 

0 

0 

0 

0 
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0 
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0 
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0 
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0 

0 


3 00 

-f-+ 


-f- 

f 

4- 

4- 

4- 

0 

0 

0 

C 

2 OO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


2 30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


3 00 

-J- 

0 

-1- 

+ 

0 

0 

0 

0 

0 

0 


3 30 

-f-J- 

0 

+ 

+ 

0 

0 

0 

0 

0 

0 

D 

2 00 


0 

+ 

+ 

0 

0 

0 

0 

0 

0 


2 30 

+ 

0 

+ 

+ 

0 

0 

0 

0 

0 

0 


3 00 

+ 

0 


+ 

0 

0 

0 

0 

0 

0 

E 

2 00 

+ 

0 

+ 

0 

0 

0 

0 

0 

0 

0 


2 SO 

+ 

0 

+ 

0 

0 

0 

0 

0 

0 

0 


3 00 

+ 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

P 

3 00 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 


3 15 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 


3 45 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

G 

3 15 

+ 4- 

0 

-f- 

4- 

0 

0 

0 

0 

0 

0 


4 45 

4-4- 

0 

4* 

4- 
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clearly that these were not blood pioteins leaking through This applies 
only to the early samples Later ones were invariably contaminated with 
serum proteins Precipitin tests were negative, not only with the whole 
urine but also with 1 per cent solutions of purified proteins from those 
urines, as shown in table 2 

Next a series of similar tests made using the first samples of protein- 
containing urine brought about by etherization, as ether is a liver poison 
(table 3), shows that in this case also the earlier specimens are not blood 
proteins, but later blood proteins appear 
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SUMMAR\ 

These expenmeiits demonstrate clearl} that m the early stages of 
albuminuria a protein foreign to the blood pioteins is excreted, and that 
after a short time the renal epithelium is rendeied permeable to normal 
serum pioteins 

Note These studies are being continued by the preparation of rabbit serums 
sensitized to the blood-free urmarr proteins and also to normal and uremic 
liver proteins, and other organ proteins, in order to ascertain, if possible, the 
source of the urinary proteins 



Book Reviews 


Segregation and Autogasiy in Bacteria A Contribution to Cei lular 
Biology By F H Stewart, M D , Major, Indian Medical Service (Ret ) 
Paper Boards Price, 7 shillings, 6 pence Pp 104 London Adlard & 
Son, Ltd 

Among the most fascinating problems in the studj- of infectious diseases 
are variations in virulence To the physician, the microbiologist and the 
epidemiologist each new contribution to the study of microbic variation holds 
out the encouragement that perhaps the veils behind which the mysteries hide 
will be parted a little wider But little more than disappointment comes from 
an examination of this newest monograph Beginning essentially where Gurney 
Dixon left off nearly ten years ago, the author presents an analysis of varia- 
tions in certain cultures of bacteria — particularly of variations associated with 
fermentation characteristics — which adds little of probable importance or 
permanent worth 

By a series of ingenious arguments, the author demonstrates that certain 
variations m culture may be described by assuming that the variant character- 
istics are determined by multiple allelomorphs He then proceeds to the experi- 
mental “demonstration” of segregation and perhaps autogamic conjugation, 
and concludes by deducing a probable “life history” of a bacterium 

It IS rather a pity that a serious investigator of bacterial variation proceeds 
with complete indifference to the overwhelming evidences that plate colonics 
(no matter how many times repeated) are not necessarily pure cultures, and 
to the value of beginning with single cell strains Furthermore, although 
certain of the types of vaiiations Dr Stewart describes are of unquestioned 
occurrence, there is almost complete neglect of all the recent experimental 
and speculative literature on “S — R” variations in bacteria with llicir asso- 
ciated variations in fermentative, morphologic, virulence, antigenic and other 
characteristics Wider familiarity with bactenologic literature would probably 
force the author to dispense with his primary division of continuous and dis- 
continuous, permanent and non-permanent variations (cf Philip Pladley, J Infect 
Dis 40 1, 1927) 

The present monograph does not significantly modify the view generally 
held that the genetic interpretation of variations in the bacteria must await a 
more complete understanding of the determining factors than is now available 

Diseases or the Skin By Henry H Haeen Price, §10 Pp 572, with 248 
illustrations, including 2 color plates St Louis C V Mosby Company, 
1927 

The medical student and practitioner will find in this conveniently sized 
work, accurate, concise, useful information regarding the more common derma- 
tologic subjects Dermatoses of the negro are given special consideration, 
making the text valuable to those who have occasion to treat colored patients 

Preliminary consideration is given to anatomy and physiology, etiology, 
symptomatology, pathology, diagnosis and general aspects of therapy Among 
the more timely chapters are those on general hygiene of the skin, emotional 
nervous disorders, carcinoma, and the public health aspects of syphilis Actino- 
thcrapy and diathermy are given attention Microscopic observations of the 
more common dermatoses are briefly presented throughout 

The author avoids discussion of the relative merits of the terms “eczema” 
and “dermatitis,” and employs only the latter He forsakes the dermatologists’ 
heritage of “objective examination” by recommending history taking before 
examination 
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Owing to the size of the book, little space is devoted to antisyphihtic 
therapy This phase has become so important that it is questionable whether 
It should be included in dermatologic texts For instance, the author’s “average 
course” of treatment for early syphilis contains, in the light of recent studies, 
too long (three months) mercurialization between courses of arsphenamme 
The advantages of arsphenamme over neoarsphenamine are emphasized 

The clinical illustrations are numerous and are of convenient size, part of 
them are of colored patients, most of them are good and many are excellent 
The drawings and photomicrographs, few m number, are of little value 

The book is not padded by a bibliography, although pertinent publications 
are mentioned in the text 

The Comparative Physiology of Internal Secretion By Lancelot T Hog- 
ben, M A (Cantab ), D Sc (Lond ), Professor of Zoology in the Universit> 
of Capetown Price, §3 Pp 148, with 37 illustrations and index New 
York The Macmillan Company, 1927 

This IS a well written and critical statement of the comparative physiolog}' 
of the endocrine glands The arrangement of the material is from the point of 
view of systems in the body influenced by different hormones rather than 
the usual descriptions of syndromes following hypoactivity or hyperactivitv 
of the glands The sound critical attitude of the author may be indicated bj 
the following quotations from the initial chapter headed “Chemical Co-Ordina- 
tion” “In pursuing inquiry into the endocrine or supposedly endocrine function 
of so-called ductless glands the physiologist has no more justification for 
attributing a teleological significance to every chemical entity in the organism 
than neo-Darwinian naturalists had for ascribing utility to every member of 
the body” That is to say, the author clearly recognizes that the finding of 
substances by various chemical treatments of organs, substances that have 
various physiologic actions when introduced directly into the blood or under 
the skin, does not mean that these substances necessarily are produced by 
these organs and have these actions under normal conditions of life 

There are chapters on epinephrine and neuromuscular coordination, on the 
internal secretions as related to chromatic function, the endocrine factors in 
secretory processes, the endocrine factors in vasomotor regulation, the endocrine 
factors in metabolism and the endocrine factors in growth 

The author is especially conversant with the experimental literature on 
the endocrine glands in lower animals Equal familiarity with the experimental 
and clinical literature on endocrines m the higher animals is, of course, a 
prerequisite in order to treat endocrinology in a comparative way In most 
cases the author measures up to this requirement The weakest chapter in an 
otherwise excellent monograph is that of the influence of the endocrines in 
secretory processes Edkins’ experiment on gastrin (1906) is quoted and dis- 
cussed, while more conclusive experiments, especially those of Ivy, Lim, 
Luckhardt, Koch and Keeton are not referred to, although these experiments 
alter Edkins’ original interpretation, if not the facts themselves 

The monograph is to be regarded as a valuable contribution to the subject 
of endocrinology and may be pursued with profit by all physicians interested 
in this field 

Nerve Tracts of the Brain and Cord Anatomy, Physiology, Applied 
Neurology By William Keiller, F R C S , Professor of Anatomy and 
Applied Anatomy, University of Texas Price, §8 Pp 456 New York 
The MacMillan Company, 1927 

According to the intentions of the author this book will enable students 
to approach nervous diseases, thinking in terms of anatomy, physiology and 
pathology The book consists of three parts part 1 (pp 3 to 113), a laboratory 
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manual for the study of the central nervous s> stem under normal and pathologic 
conditions based on Weigert and Marchi preparations, part 2 (pp 117 to 178), 
a summary of the anatomy and physiology of the nerve tracts, mainly based 
on newer methods of investigating the observations found at autopsy in chemical 
cases, and part 3 (pp 179 to 329), the more important features of the better 
known nervous diseases, correlating their sj mptomatology uith anatomic, 
physiologic and pathologic data 

Pages 333 to 436 contain a great many illustrations, and there is a large 
diagram showing the chief fiber tracts of the brain, brain stem and spinal cord 

As a matter of fact, the book contains a vast amount of diversified knowl- 
edge The author shows a surprisingly great familiarity with the anatomy 
of the central nervous system It is therefore to be regretted that the facts 
are presented in such a way as to confuse even the more experienced reader 
The three parts appear to the student as three books which deal to some 
extent with the same matter Thus it comes about that there are many subjects 
discussed two and even three times, often m a similar style Since most of 
the discussions are short and not detailed, one regrets that this unnecessary 
repetition occurs at the expense of the completeness of the representation For 
instance, the physiology of the cerebellum is described in the first part on 
pages 21 and 22, m the second part on pages 169 and 170, and in the third 
part on page 261 Even if the points of view from which parts of the nervous 
system are considered may differ somewhat in the three parts of the book, 
the whole arrangement is rather confusing Furthermore, the use of sketches 
and rough drawings does not seem to be the best method of illustration for 
a book of this type 

Afkectioxs of the Stomach By Burrill B Crohh, M D , Associate Attending 
Physician to the Mt Sinai Hospital, New York City Cloth Price, §10 
net Pp 902, with 361 illustrations, some in colors Philadelphia W B 
Saunders Company, 1927 

The first 165 pages are devoted to the normal anatomy and physiology of 
the stomach, including a detailed description of the standard test meals and 
a discussion of their interpretation The subject of gastric radiography is 
w'ell handled and adequately for the use of the average general practitioner 
or internist, in 80 richly illustrated pages The essential points in the gastric 
history as well as those of the physical examination of the patient are carefully 
pointed out 

The author devotes 215 pages to the classification, description and discussion 
of nonorganic diseases ot the stomach including dyspepsia, achylia gastnca, 
gastroptosis, gastric manifestations of reflex origin, gastric neuroses and 
similar conditions While there is much of good m these chapters on important 
and difficult subjects about which comparatively little has been definitely proved, 
many readers will probably be disappointed in them The fault lies perhaps 
not so much with the author, as it does with the entirely inadequate knowledge 
of this whole group of subjects 

The 332 pages devoted to definite organic diseases of the stomach are by far 
the best in the book Ulcer of the stomach and duodenum is carefully con- 
sidered and thoroughly presented The various types of medical and surgical 
treatment are described, and an attempt is made to evaluate them The stand- 
point of the Mount Sinai group is given The benign and malignant tumors 
of the stomach receive adequate attention, and the question of differentiating 
clinically between gastric ulcer and gastric carcinoma is dealt wuth fully The 
chapter on organic syphilis of the stomach will interest many The book ends 
with a discussion of herniation of the stomach through the diaphragm 
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XxjTritiox A^D Diet ix Health \xd Dise.\se B3 J \'mes S McLester, MD, 
Professor of Ziledicine, Graduate School of Medicine, Unn ersity 01 Alabama, 
Birmingham, Ala Cloth Price, §8 net Pp 783 Philadelphia W B* 
Saunders Compan 3 , 1927 

This comprehensne treatise leares nothing more to be desired in a book 
of its t 3 pe Xormal diets and normal nutritional requirements for adults and 
for children of the preschool age are thoroughlv considered The feeding of 
infants is discussed in a special chapter b 3 Dr McKim Alarriott of Washing- 
ton Unnersit 3 , St Louis, and the feeding of surgical patients in a chapter 
■written b 3 " Dr Barne 3 Brooks of Vanderbilt Unnersit 3 , Nashville 

In the sections on diet in disease, the author does much more than gne 
the Aarious empiric diets that ha\e been used, he discusses the nutritional, 
metabolic and digestne disturbances involved and then proceeds to outline 
their dietar 3 correction Menus, recipes, tables and charts are numerous 
throughout the book, ser\ing to enhance its value as a reference text for 
students and practitioners 
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SYNTHALIN 

ITS USE IN THE TREATMENT OF DIABETES 

A I RINGER, MD 
S BILOON, M D 
M M HARRIS, MD 

AND 

A LANDY, M D 

NEW YORK 

Since the introduction of insulin in the treatment of patients with 
diabetes, various investigations have been conducted to find a remedy 
which would exert an influence on diabetes similar to that of insulin, 
but which could be administered orally 

During the course of the last year, a synthetic compound named 
“synthalin” was developed by Frank ^ in Minkowski’s clinic ^ in Breslau 
The exact chemical composition of this substance is deca-methyl-di- 
guanidine, 

/NH. HN\ 

HN=C C=NPI 

\NH-CM:-CHs-CH=-CI-L-CIIr-CI-L-CH=-CI-L-CH2-CH2-HN/ 

In their first communication, these authors report that they were 
able to reduce the blood sugar concentration in completely depancre- 
atized dogs and rabbits by administering synthalin either subcutane- 
ously or orally In these animals the blood dextrose dropped from 
314 mg per hundred cubic centimeters of blood to 70, and from 426 
to 90 The clinical symptoms of hypoglycemia, convulsions and gen- 
eral paralysis, from which the animals recovered on the administration 
of dextrose, accompanied this drop in the blood sugar 

In their studies on diabetic patients who excreted as much as 40 Gm 
of dextrose a day, they report a marked drop or the disappearance of 

* From the Medical Division of the Montefiore Hospital 

1 Frank, E , Nothmann, M , and Wagner, A Ueber synthetisch dar- 
gestellte Korper mit insulinartigcr Wirkung auf den normalcn und diabetischen 
Organismus, Klin Wchnschr 5 2100, 1926, Die Synthahnbehandlung des Diabetes 
melhtus, Deutsche med Wchnschr 52 2067, 1926, ibid 52*2107, 1926 

2 Minkowski, O Synthetische insuhnahnlich wirkende Substanzen, Klin 
Wchnschr 5 2107, 1926 
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the urinary sugar, ketone bodies also disappeared from the urine The 
blood dextrose concentration came down to normal, and the patients weie 
able to gam in body weight, though not as dramatically as after the 
administration of insulin 

They administer the drug in doses of from 20 to 25 mg twice a 
day on the first and third days, one dose on the second and omit it 
entirely on the fourth day The reason for this procedure is that fre- 
quently after-effects develop which are due to an overdose of the syn- 
thahn The usual symptoms caused by an overdose of synthalin are 
anorexia, pressure in the epigastrium, nausea and vomiting and in more 
severe cases, diarrhea 

In January, 1927, H A Metz, supplied us with synthalin that he 
had obtained from the Kahlbaum Company We immediately began 
the studies subsequently reported 

For this study, we selected patients with diabetes of different grades 
of severity and those who gave the greatest piomise of complete 
cooperation 

REPORT OF CASES 

Case 1 — E J , a girl, aged 13, had had poliomyelitis in 1918, measles in 
1920, scarlet fever in 1922, chickenpox and whooping cough in 1923 In 
March, 1926, the patient began to have polyuria, nocturia, pruritus vulvae and 
loss in weight , these symptoms led to a urinary examination and to the discovery 
of diabetes The patient’s weight at that time was 73 pounds (33 1 Kg ) , the blood 
pressure was 120 systolic and 70 diastolic, the heart, lungs and abdomen were 
normal When first examined, the urine showed a specific gravity of 1 028 , 
dextrose, 3 per cent, albumin was not present, there was some acetone and 
diacetic acid The blood sugar concentration during fasting was 195 mg per 
hundred cubic centimeters , the carbon dioxide capacity of the blood was 53 
per cent by volume The patient was placed on a diet consisting of 40 Gm of 
carbohydrate, 75 Gm of protein and 100 Gm of fat, total calories 1,360, and 
18 units of insulin twice a day On this regimen, the urine became free from 
sugar and ketone bodies, and the fasting blood sugar came down to 133 mg 
per hundred cubic centimeters 

By June, 1926, the general condition of the patient improved materially Her 
weight increased to 79^4 pounds (36 Kg) Her diet was increased to 75 Gm of 
carbohydrate, 75 Gm of protein and 150 Gm of fat Twelve units of insulin 
were administered once a day The blood sugar concentration was 133, 117 and 
148 on three different examinations On July 9, the injections of insulin were 
stopped On July 29, the urinary sugar was 2 per cent, there were no ketones, 
and the blood sugar was 182 The injections of insulin were resumed, 14 units 
once a day being given On August 25, the blood sugar was 128, and sugar 
was not present in the urine, on November 20, the blood sugar was 154 mg per 
hundred cubic centimeters, and on December 24 the blood sugar was 102 
Urinary sugar was not found 

Our plan of procedure in testing the efficacy of synthalin was to stop the 
injections of insulin for a short period of time m order to determine the patient’s 
ability to burn dextrose w'lthout the help of the hormone and then to substitute 
synthalin for the insulin 
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The results of our study are tabulated in table 1 For the sake of convenience, 
each separate study is divided into periods The patient’s food was weighed 
carefully, the urine collected quantitatively and analyzed daily The patient’s 
weight was taken weekly, and the blood was examined at frequent intervals 
Throughout the entire study, the patient was given 75 Gm of carbohydrate, 
75 Gm of protein and 150 Gm of fat , she had been kept on this diet for months 
previous to the present study 

On January 12, the patient was given the last dose of insulin During the 
first period (from January 13 to 15) insulin was not given It is noticeable from 
the chart that glycosuria promptly developed, becoming more marked with 
each day 

During the second period (January 16 to 25) synthalm was administered as 
follows two 10 mg tablets on the first day, one tablet on the second day and 
again two tablets on the third and fourth days, after which there was an inter- 
ruption On January 20, the patient developed epigastric distress, nausea and 
anorexia By January 24, she could consume only two thirds of her diet, and 
even that had to be forced The sugar in the urine cleared up, but it Was difficult 
to decide whether the synthalm was responsible or whether this occurred because 
the patient had taken less food During the third period, the feeding of synthalm 
was interrupted until the gastric symptoms subsided 

On January 31, the patient’s condition improved so that she was able to partake 
of her full diet (fourth period) She developed glycosuria during those four 
davs on full diet without synthalm By the fourth day, she excreted as much 
as 31 Gm of dextrose Her weight then was 75 pounds (34 Kg), a loss of 
354 pounds (16 Kg) since the beginning of our study 

From February 4 to 20 (the fifth period), the patient was kept on 

synthalm and was given the full diet The glycosuria was promptly reduced, 
and the gastric distress was not so marked as during the second period She was 
able to partake of all her food except during one day In spite of this, however, 
her body weight came down to 74 pounds (33 6 Kg ) , and on February 12, the 
blood sugar was 210 mg per hundred cubic centimeters During the last three 
days of this period, she was practically sugar-free 

During the sixth period (from February 21 to 27), the synthalm was 

withdrawn and glycosuria promptly recurred On February 24, ketonuria 

developed On the last day of this period (February 27), the excretion of dextrose 
reached 25 Gm , and there was 2 Gm of acetone bodies a day During the seventli 
period (from February 28 to March 11), synthalm was administered again 
Glycosuria and ketonuria gradually disappeared, and the blood sugar on the last 
day was 138 mg There was no further loss of body weight Gastric distress 
persisted during the period at irregular intervals, but not enough to interfere 
with the patient’s ability to consume all of her food 

During the eighth period (from March 12 to 20), the synthalm was 

withdrawn again Glycosuria and ketonuria promptly reappeared, gradually 
increasing, so that on the last day of this period, the patient excreted as much 
as 1 5 Gm of ketone bodies and 31 Gm of dextrose 

During the ninth period (from March 21 to May 13), synthalm was given as 
indicated m table 1, every third dose being omitted With the exception of occa- 
sional gastric distress, the patient felt well most of the time She was able to 
partake of her full diet and gamed in weight to 76 pounds (34 5 Kg) The 
urinary sugar and ketone bodies cleared up within about one week, the former 
reappearing on but a few occasions 
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During the tenth period (from May 14 to 27), synthalm was withdrawn 
and insulin t\as substituted The reason for that experiment was to determine 
w hether any change in tolerance had occurred during the past five months that the 
patient had not been given insulin We found that doses of insulin that could keep 
her agljcosuric then could not do it after the period during which insulin had not 
been administered Raising of the dosage of insulin to 14 units did not clear up 
the condition, indicating that probably the tendency of the patient’s natural 
tolerance vas downward 

From May 28 to the time this article was written (the eleventh period) the 
patient was receiving sjmthalin in 12 5 mg doses, every third dose being omitted 
On this schedule she has but occasional attacks of gastric distress, and these are 
slight She remains free from sugar and ketones The last time she was 
examined her blood sugar was 165 mg per hundred cubic centimeters, and her 
body weight was 77/4 pounds (35 Kg) 

Case 2 — J L, a girl, aged 13, was admitted to the hospital on Oct 14, 1923, 
complaining of weakness, polyphagia and polydypsia of eight months’ duration 
Her weight was 73 pounds (331 Kg) and her fasting blood sugar, 320 mg 
On a diet consisting of 25 Gm of carbohydrate, 75 Gm of protein and 100 Gm 
of fat and 8 units of insulin twuce a daj, her urine was sugar-free and acetone- 
iree, whereas without insulin she excreted from 25 to 30 Gm of dextrose and 
from 4 to 6 Gm of acetone bodies a day She was discharged from the hos- 
pital on June 29, 1924, w'eighing 91 pounds (41 3 Kg ) and feeling much 
improved 

On Nov 14, 1924, following a cold of about one w'eek’s duration, she was 
readmitted in impending diabetic coma Her blood sugar was 335 mg per hun- 
dred centimeters of blood and carbon dioxide combining power, 21 2 per cent 
bv volume The urine contained large amounts of dextrose and acetone and 
a faint trace of albumin The results of physical examination were negative 
except that drow'siness, Kussmaul breathing, a rapid pulse rate (120 per 
minute) and temperature ranging between 100 to 102 F w'ere noted Two days 
later, she w'as entirely free from symptoms and felt w'ell During this period 
at the hospital, the patient excreted from 10 to 15 Gm of dextrose a day on a 
diet of 35 Gm of carbohydrate, 75 Gm of protein, and 125 Gm of fat and the 
administration of 20 units of insulin twice a day She was discharged 
September 5, improved, although her carbohydrate tolerance was less than 
during her first stay at the hospital 

On Jan 5, 1927, the patient was readmitted in impending diabetic coma 
She gar e a history of general malaise for a few weeks prior to January 5, 
w'hen she began to vomit, became dyspneic and drow’sy , she was therefore 
brought to the hospital 

Physical examination revealed signs of impending diabetic coma, 
drowsiness, Kussmaul breathing, rapid pulse rate (140 per minute), cold 
extremities and a temperature of 99"2 F Urinalysis show^ed the presence of 
large amounts of dextrose and acetone The patient W'as treated with insulin, 
alkali, carbohydrate and forced fluids, and the next morning she was feeling better 

Throughout January, February and March, she w'as kept on 50 Gm of 
carbohydrate, 75 Gm of protein and 125 Gm of fat, and 20 units of insulin w'as 
administered twice a day On this regimen she excreted both dextrose and 
ketone bodies She therefore offered us an excellent opportunity to study the 
influence of synthalm on glycosuria and ketoses unaided by insulin On 
January 17, she recened tw'o doses of 25 mg of synthalm and two doses of 
insulin of 30 and 15 units On that day, she excreted 53 Gm of dextrose and 
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3/25/27 1,480 1 022 37 0 94 50 75 125 103 20 20 30 30 Vertigo in afternoon 

3/20/27 1,230 1 010 9 0 44 50 70 124 20 20 30 30 
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2 34 Gm of acetone bodies in the urine On Tanuarj, 18, she recened onh 
30 units of insulin and 25 mg of sjnthalin t\Mce a daj On Januar 3 19, she 
recened S 3 nthalin m U\o 25 mg doses but no insulin in the morning On 
that da 3 '’, she excreted 85 Gm of dextrose and 11 8 Gm of ketone bodies Her 
general clinical condition looked unsatisfactor 3 ^, and i\e decided to resume 
the injections of insulin For this reason, she was kept on both insulin and 
S 3 nthalin throughout Februar 3 and March, nhen the stud 3 ' reported in table 2 
was carried out 

Because of the greater severity of the condition, this patient ran a much 
more une^en course as far as gbcosuria and ketonuria are concerned, and 
from the strictl 3 experimental point of view, this case wms not as suitable or 

Table 3 — Results of Study m Case 3 


Urine 


Period 

Date 

/ 

Volume, 

Cc 

\ 

Specific Dextrose, 
Gravity Gm 

I 

2/U/27 

1,335 

1021 

20 


2/12/27 

1,800 

1015 

13 


2/13/27 

1,800 

1015 

13 


2/14/27 

1,500 

1 022 

30 


2/15/27 

1,900 

lOlS 

19 


2/16/27 

1,400 

1026 

37 


2/17/27 

1,500 

1 021 

22 


2/18/27 

1,525 

1018 

14 

II 

Average per day 

2/19/27 1,400 

1019 

21 

7 


2/20/27 

1,400 

1017 

8 


2/21/27 

2,300 

1015 

11 


2/^/27 

1,500 

1012 

8 


2/23/27 

1,250 

1018 

6 


2/24/27 

1,600 

1015 

15 


2/25/27 

1,425 

1012 

ft tr 


2/26/27 

1,150 

1 015 

6 


2/27/27 

1,150 

1 019 

9 


Diet Svnthalm, 

, ^ , Mg 

Cnrbo- Pro- 


hydrate 

tern 

Pat 

Sugar AM PM 

99 

75 

150 


101 

75 

150 


100 

75 

150 


99 

75 

150 


100 

To 

149 


101 

7$ 

151 


99 

75 

151 


100 

74 

149 



100 

75 

150 

25 

25 

100 

76 

150 

25 

— 

100 

75 

149 

— 

25 

100 

76 

151 

25 

25 

100 

75 

150 

— 

25 

100 

76 

151 

25 

25 

99 

75 

150 

— 

25 

101 

75 

150 

25 

25 

100 

75 

150 

25 

— 


Average per day 


2/28/27 

1,600 

1020 

3/ 1/27 

1,675 

1 020 

3/ 2/27 

1,400 

1 021 

3/ 3/27 

1,675 

1029 

3/ 4/27 

1,700 

1021 

3/ 5/27 

1 200 

1 023 

3/ 6/27 

1,500 

1027 


8 


29 

99 

75 

150 

28 

100 

75 

149 

22 

101 

64 

148 

OT 

99 

75 

151 

27 

100 

74 

149 

37 

100 

75 

150 

48 

100 

75 

150 


Average per dav 


37 


as coinincing as the first, but sufficient corroborative evidence can be gathered 
from It She was able to take larger doses of synthalin than the patient in 
case 1 without developing any marked gastric distress 

During the first period, wdiich lasted from the 4th to the 16th of ilarch, she 
recened 20 units of insulin twice a day and 25 mg of synthalin twice a da3, 
as recorded in the chart Throughout the whole period, glycosuria and 
ketonuria persisted During the second period (from March 17 to 22), the 
synthalin wms withdrawm During the third period, the synthalin was added 
again The results here can be judged only in a comparative wmy 

The total amount of sugar excreted during the first period of thirteen days 
of insulin plus S 3 nthalin therapj was 261 Gm , or 20 Gm a day, whereas 
during the second period, the sugar excreted in six days on the same diet and 
insulin but without S 3 nthalin w'as 216 Gm or 36 Gm a daj' 
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In the third period, the synthalin was added again, and we noticed a 
marked drop in the glycosuria and ketonuria, unfortunately, the study had 
to be prematurely interrupted because the patient left the hospital 

Case 3— D K, a man, aged 39, had had diabetes for nineteen years, the 
last five of which had been spent in our service at the hospital The course 
of his diabetic condition had always been comparatively mild Glycosuria and 
hyperglycemia could be controlled by placing him on a diet of 75 Gm of car- 
bohydrate, 75 Gm of protein and 150 Gm of fat, without the aid of insulin 
On a diet of 100 Gm of carbohydrate, 75 Gm of protein and 150 Gm of fat, 
he developed glycosuria, which could be controlled by 10 units of insulin 
administered twice a day 

The study in his case is divided into three periods and is recorded in 
table 3 During the first period (from February 11 to 19), he was kept on a 
diet consisting of 100 Gm of carbohydrate, 75 Gm of protein and 150 Gm of 
fat, without insulin On this diet, he excreted 168 Gm of dextrose, or 21 Gm 
a day, throughout the period of eight days 

During the second period (from February 19 to 28), he received synthalin 
in 25 mg doses, as indicated in table 3 During this period of nine days, he 
excreted 70 Gm of dextrose, or 8 Gm a day 

During the third period (from March 1 to 7), the synthalin was withdrawn 
and glycosuria became much more marked He excreted 258 Gm in the seven 
days, or 37 Gm a day 

Case 4 — S G , a woman, aged 53, had had diabetes for six years prior to 
admission to the hospital, during which period she lost 50 pounds (22 7 Kg ) in 
weight On admission, the blood sugar concentration was 293 mg per hundred 
cubic centimeters Throughout the entire study, the patient was kept on a diet 
consisting of 75 Gm of carbohydrate, 75 Gm of protein and 150 Gm of fat 
During the first period (from March 26 to 29), she was placed on a standard 
diet and was found to excrete an average of 26 Gm of dextrose a day 

During the second period (from March 30 to April 13), the patient was 
given synthalin as described m table 4 During the first four days, there was 
practically no effect on the excretion of dextrose, but, beginning with the fifth 
day, the output dropped considerably and stayed low throughout the entire 
period The average output of dextrose, not including the first four days, was 
9 Gm a day (including the four days the average output was 13 Gm a day) 
During the third period (from April 14 to 20), the synthalin was with- 
drawn On the third day, there was a considerable rise in the excretion of 
dextrose which on the last day reached the highest figure, 35 Gm The average 
daily output was 24 Gm , which corresponds closely with that of the foreperiod 
During the fourth period (from April 20 to May 1), synthalin was admin- 
istered again The excretion of dextrose decreased immediately and remained 
lower throughout the entire period The average excretion of dextrose was 
11 Gm a day 

From May 2 to 9 (the fifth period), the synthalin was again withdrawn, 
and the excretion of dextrose rose to an average output of 28 Gm 

CONCLUSIONS DRAWN FROM THE FOUR CASES STUDIED 

The fom cases studied fairly lepresent all stages of seventy in 
uncomplicated diabetes Cases 3 and 4 were comparatively mild , case 1, 
moderately severe and case 2 very severe The results obtained in these 
cases may be discussed from the physiologic and clinical aspects 



l\vBiE 4 — Results of Study in Case 4 
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Physiologic Results — ^Effect of S} nthalin on Glycosuria The stud} 
of the influence of any drug on the sugar output in tlie urine must be 
made with the full realization that the results are of \alue only if rve 
know what the food intake is, and that the patient has continued on 
the same diet before and after the drug has been administered, so that 
\ve ha^ e a fore and after penod The sugar output in the urine in all 
diabetic patients represents the difference between the tolerance and 
the dextrose-forming matenal ingested In all of our cases, careful 
attention was paid to the maintenance of a standard diet throughout 
the tests, to the patients consumption of all of the food gnen and to 
proper control periods before and after the administration of the 
symthahn 

An analysis of the tables show s that sy nthalin is capable of reducing 
the sugar output m the urine in all the cases that we studied The 
patient in case 1 recened synthalin during the second fifth, serenth 
ninth and ele^ enth periods, the last period extending to the date this article 
was wntten During the early* periods, this patient suffered considerable 
gastro-intestinal distress, which mamfested itself by pressure in the 
epigastrium after meals, anorexia, nausea, \omiting and diarrhea 
Because of these symptoms the patient could not consume all of her 
food and that in itself might have been sufficient to cause a drop in 
her urinary sugar But m the later periods, when gastnc disturbances 
did not occur, the results are cleancut and convincing The results dur- 
ing the fifth, seventh, mnth and elei enth periods can be ascribed only to 
symthalin therapy Since I\Iay 28, the patient has excreted traces of 
sugar only occasionally being free from sugar most of the time 

Cases 2 3 and 4 corroborate the obsenations in case 1 m that dur- 
ing the periods when synthalin was administered there was diminution 
in the excretion of sugar 

Influence of Synthahn on Blood Sugar Concentration In their 
first commumcation Frank, Xothmann and M'agner ^ report their experi- 
ment on a normal rabbit in which the subcutaneous administration of 
3 mg of synthalin per kilogram of body w eight produced a drop in the 
blood sugar from 131 to 57 mg Oral administration of 50 mg to a 
fasting rabbit weighing 1 Kg , caused a drop m the blood sugar from 159 
to 70 mg and hypogh'cemic sy mptoras, v, hich w ere counteracted by the 
injection of dextrose 

We repeated those experiments on normal rabbits, and the follow- 
ing results were obtained 

PROTOCOLS 

Rabbit 1 — ^This animal veighed 25 Kg The blood sugar was 120 mg per 
hundred cubic centimeters after fasting for eighteen hours 

11 30 a. m One hundred milligrams of sj-nthalin was gnen b% mouth 

^ 30 pm The blooa sugar was 77 mg 
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6 10 p m The animal looked sick Ten cubic centimeters of 16 per 
cent dextrose solution was given intravenously In a few minutes, the animal 
appeared better 

Midnight The animal was found dead in its cage 
Rabbit 2 — ^This animal weighed 2 85 Kg 

11 10 a m The fasting blood sugar was 157 mg per hundred cubic 
centimeters One hundred milligrams of synthalm was given bv mouth 

3 15 p m The blood sugar was too low to make a determination The 
animal appeared limp, 10 cc of dextrose was given intravenously, recovery 
resulted 

6 10 p m The animal again appeared limp 

6 30 p m Ten milligrams of dextrose was given The animal improved 

remarkably 

Midnight The animal was found dead in its cage 

Rabbits 3 and 4 — These animals were treated m the same way as were rabbits 
1 and 2, except that they received 25 mg of synthalm subcutaneously Within 
from four to five hours, both developed hypoglycemic symptoms, the blood 
sugar in the latter dropping to 51 mg Both animals had convulsions, from 
which they recovered after the intravenous administration of dextrose Both 
animals, however, ultimately died from their hypoglycemic condition 

We administered synthalm to another series of rabbits, not in lethal doses, 
but in amounts that would correspond to therapeutic doses 

Rabbit S — This rabbit weighed 2 7 Kg Eighteen hours after his last meal, 
he had a blood sugar concentration of 125 mg per hundred cubic centimeters 
Jan 26, 1927, 10 45 a m Five milligrams of synthalm was given by mouth 
4 15 p m The blood sugar was 118 mg 
January 27, 11 00 a m The blood sugar was 123 mg 
Midnight Ten milligrams of synthalm was given by mouth 
11 00 p m The blood sugar was 111 mg 

January 28, 10 30 a m Thirty milligrams of synthalm was given by 
mouth 

6 00 p m The blood sugar was 104 mg 
January 29, 10 00 a m The blood sugar was 110 mg 
This animal fasted throughout the entire period , in spite of this, he did not 
show a material drop in the blood sugar concentration 

Rabbit 6 — ^This animal weighed 2 7 Kg and was treated in a manner similar 
to that m which rabbit 5 was treated, having been given 5, 10 and 35 mg of 
synthalm on three successive days Its blood sugar throughout those four days 
was 114 Gm , 111 Gm, 111 Gm , 92 Gm, 117 Gm and 101 Gm, at the last 
determination 

Rabbit 7 — ^This rabbit weighed 2 33 Kg 
Feb 17, 1927, 10 45 a m The blood sugar was 121 mg 
11 30 a m Thirty-five milligrams of synthalm was giv-n by mouth 

5 00 p m The blood sugar was 125 mg 

February 18, 11 00 a m The blood sugar was 63 mg The animal looked 
ill, and a grunting respiration was heard Ten cubic centimeters of 10 per 
cent dextrose solution was given intravenously The animal improved 

Rabbit 8 — ^This rabbit weighed 2 2 Kg , while fasting, his blood sugar was 
118 mg He was then given 35 mg of synthalm Six hours later, his blood 
sugar was 124 mg , and the following morning it was 76 
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These experiments prove that with large doses of synthalm one 
can bring about a definite hjpoglycemic reaction, from which the animal 
can be made to recover temporaril} b} the administration of dextrose 
The giving of more moderate doses (35 mg) brought about a h}po- 
gl3cemic eflEect m two animals and failed to give an}’- results m two 
others 

The influence of synthalm on the blood sugar cur\'e was studied m 
a patient with mild diabetes (IMrs D ) on our service Table 5 shows 
the results 

An examination of the blood sugar curve of this patient after the 
administration of 25 and 50 mg of sjnthalm shows a drop in the blood 
sugar concentration to the range of normal witlun eight hours In 
interpreting these results, howeier, the element of fasting must be con- 
sidered 


T^le 5 — Results of Study on a Mild Diabetic Patient 


Date 

Time 

Blood Sugar 

Synthalm 

Comment 

1/14/27 

7 so a m 

7 35 a m 

173 

25 mg 

Tasting 


10 15 a m 

170 

Tasting 


2 lOp m 

146 


Tasting 


5 SOp m 

137 



3/10/27 

9 00 a m 

170 


Tasting 


9 05 a m 


50 mg 

Tasting 


1 00 p m 

151 


Tasting 


5 00 p in 

117 


Regular supper 

3/11/27 

9 30 a m 

126 




In the four cases that we studied at length, case 1 showed a definite 
reduction m the blood sugar (eighth period), though not at the same 
le^el at which it vas kept vhen the patient received insulin 

In case 4, on the other hand, the patient did not show an appreciable 
change m the figures for blood sugar, altliough there was a difference 
m the dextrose output m the unne 

In summarizing i\e ma} therefore state that the effect of synthalm 
on blood sugar concentration is -variable, probably depending on some 
extraneous factor 

Influence of S) nthalin on Protein Metabolism The protein metab- 
olism was studied m cases 1 and 4 During the ninth period in case 1, 
the total nitrogen excreted dunng six days was 70 8 Gm , or an average 
of 11 8 Gm a day S} nthalin was not given dunng this period When 
s}*nthalm was administered during the tenth period, the total nitrogen 
excreted m eleven da} s was 100 6 Gm or an average of 9 1 Gm a day 
During the third period m case 4, without the administration of 
synthalm, 53 5 Gm of nitrogen was excreted in six days, or 89 Gm a 
day Dunng the twelve da} s of the fourth period, when s} nthalin was 
administered, the patient excreted 96 6 Gm , or 8 05 Gm on an a%erage; 
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whereas during the after-period of seven days when synthahn was not 
given, she excreted 69 9 Gm , or 9 9 Gm a da) 

These two cases seem to show a diminution in the nitrogen output 
during the period in which synthahn was administered An explana- 
tion can probably be found in the spaiing effect on the protein metab- 
olism of the extra carbohydrate that is utilized 

Influence of Synthahn on Ketonuria That the feeding of synthahn 
favorably affects the course of ketonuria is demonstrated conclusively 
in case 1 (sixth, seventh, eighth and ninth periods) During the sixth 
period, when synthahn was not given, the patient developed marked 
glycosuria up to 25 Gm a day and ketonuria up to 2 Gm of acetone 
bodies Immediately after the administration of synthahn (the seventh 
period) the glycosuria and ketonuria began to subside, and on the ninth 
day of its administration the urine became ketone-free In the eighth 
period, the synthahn was withdrawn, and the ketonuria immediately 
returned, reaching 1 5 Gm of acetone bodies on the ninth day The return 
to synthahn during the ninth period again caused its disappearance 
The effect of synthahn in case 2, though apparent, is not so dramatic 
as in case 1 In case 2, the condition was much more severe, and in 
order to free the patient entirely from ketonuria, we would probably 
have had to administer much larger doses than we cared to give for fear 
of gastric disturbance The results in the third period are striking, and 
It is much to our regret that the study could not be concluded because the 
patient insisted on leaving for home 

Influence of Synthahn on Combustion of Dextrose in the Diabetic 
Patient Direct proof that synthahn causes the combustion of dextrose 
in diabetes can be established only by determining the respiratory 
quotient It has not been done m this work We have, how- 
ever, succeeded in demonstrating the complete disappeaiance of glyco- 
suria in case 1 and the diminution of the sugar output m all of the 
other cases These cannot be explained on any other basis Retention 
of sugar would be followed by marked hyperglycemia, which is not 
noticeable , on the contrary, diminution m the blood sugar is moi e com- 
mon 

Corroborative physiologic evidence of the theory that the dextrose is 
burnt during the administration of synthahn can be seen from the 
observation that ketonuria disappeared completely (case 1) or became 
considerably diminished (case 2, third period) This phenomenon can 
be explained only on the assumption that the dextrose acted antiketo- 
genetically dunng combustion Reduction m the nitrogen output run- 
ning parallel with a diminished or disappearing glycosuria during the 
synthahn periods lends additional support to the theory that the synthahn 
causes combustion of the dextrose m a diabetic patient 
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CLIXICAL COMMENT 

In ti eating patients with diabetes, one must fulfill certain require- 
ments The patient must be given a sufficient amount of protein to 
enable him to maintain nitrogenous equilibrium, a sufficient amount of 
fat to cover the caloric requirements and enough carbohydrate to pre- 
vent the development of ketonuria 

The condition in the great majority of diabetic patients can be con- 
trolled by merel}'^ prescribing the necessary amount of food required 
In the moi e sei ere cases, this can be accomplished only with the aid of 
insulin There aie a large number of patients in this category who 
would rather liaise moderate Ityperglycemia and gl 3 ''cosuria than submit 
to daily hypodermic injections of insulin However, patients who 
develop ketonuria do not have anj' choice , they must take insulin or run 
the risk of acidosis and coma 

Insulin IS the ideal drug for these patients because it clears up hyper- 
gtycemia, glycosuria and ketonuria, it alleviates all the symptoms of 
diabetes and improves the patient’s nutiition and general well-being 

From the physician’s point of view, insulin answers all requirements 
and has only one disadvantage, that of possible hypoglycemic reactions 
From the patient s point of view, the necessity for frequent hypodermic 
injections constitutes a serious disadvantage For this reason, the dia- 
betic public looks vith eagerness to biologic chemists for the discovery 
of a remed> which possesses the therapeutic effect of insulin but which 
can be administered more easily 

A survey of the action of sjmthalin in our cases seems to show 
that its discoverers have made a tremendous step m the right direction 
This substance is capable of clearing up or diminishing glycosuria and 
ketonuria when administered in tablet form by mouth This is a 
decided advantage from the patient’s point of view The possibility of 
gastric distress setting in is an annoying feature, but a survey of case 
1, in which the patient was the greatest sufferer in the early stages, 
seems to show that there is a possibility of establishing a tolerance or 
immunity toward it During the later periods, she did not complain 
In cases 2, 3 and 4, serious gastric discomfort did not occur even in 
the beginning of the tests In a number of other cases the use of syn- 
tnalm, starting with doses of 25 mg , produced gastric difficulties which 
immediatelv discouraged the patients Whether such sensitive people 
would gradual!) develop gastric tolerance for the drug can be deter- 
mined only by furthei study Patients who have objections to syn- 
thalin ma) therefore be advised to exercise a little perseverance before 
discontinuing its use 

In a recent publication Adler ^ advises the administration of 0 5 Gm 
of a sodium salt of deh) drochohc acid, which is an oxidation compound 


3 Adler Xebenwirkungen des S 3 'nthalins, Khn Wchnschr 6 493, 1927 
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of cholic acid This acts as a bile stimulant, and Adler claims that 
therefore it eliminates the unpleasant gastric disturbance after the 
administration of synthahn \\^e have not 3'et had an opportunity to 
test the efficacy of such medication, but e expect to do so shortly 
From the ph} siaan s point of i lew, S5mthahn has another disadvan- 
tage as compared vith insulin, its action is not prompt In one case. 
It took four da}s before am effect was noticeable, this characteristic 
precludes its being used in cases of emergency In simple cases of 
diabetes in ^^hlch the use of insulin is not desired, however, synthahn 
may be tried 



OCCURRENCE OF HYPERSENSITIVENESS OR 
ALLERGY IN FIVE GENERATIONS 
OF ONE FAMILY 

ABIGAIL ELIOT SMITH, MD 

ST LOUIS 

The basis of this paper is a study of the occurrence of allergic 
manifestations in the E Family, including the direct descendants of 
W G E (1) and A A E (2) The study includes observations on 
eighty-seven persons and five generations Certain introductory state- 
ments should be made The genealogical chait shoivs that W GE (1) 
was the son of first cousins and that he married the first cousin of both 
his paients, hence, a considerable reinfoi cement of inherited charac- 
ters must have occurred m the f-1 generation W G E (1), his wife, 
A A E (2), and his sister, CEL (0), were all hypersensitive 
Information cannot be obtained concerning allergic manifestations in 
their parents A A E (2) and W G E (1) had fourteen children, 
of whom nine died m early life It has not been possible to obtain his- 
tones of these nine children other than the causes of death They arc 
therefore omitted from the numerical counts They did not have any 
descendants 

The husbands and wives of the direct descendants have been used as 
controls, that is, a group of unselected persons, presumably of non- 
allergic stock 

The investigation was earned on entirely by correspondence, a ques- 
tionnaire was sent for each membei of a family group to the head 
member of that group There were twenty-two such groups The 
questionnaires weie carefully and intelligently filled out in every case, 
about four weeks elapsed between the sending of the questionnaires and 
the return of the last set of answers I have interpreted as correctly as 
possible the answers obtained, which formed the material for this work 
This was not always easy, and errors have probably occurred in lespect 
to both positive and negative observations 

Six well recognized forms of allergic reaction have been selected 
asthma, hay-fever, vasomotor rhinitis, urticaria, angioneurotic edema and 
eczema 

The criteria by wluch the reported data have been evaluated are given 
m the following section 

■^From the Department of Internal Medicine, Washington University School 
of Medicine 
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CRITERIA OF EVALUATION FOR REPORTED DATA 

Asthma — ^Asthma was not common m the E family There were 
only four cases The cases of E C E (74) and J G E (91) were 
mild and occurred only m connection with severe attacks of hay-fever 
One serere case occurred in a child, aged 5 years, J W E (42) His 
mother, one of the control group was hypersensitive and was also subject 
to asthma One of her other children had attacks of asthma associated 
with food allerg}L 

Hay-Fever — There were several severe cases and more mild cases 
of hay-fever. 

Vasomotoi Rhinitis — The term vasomotor rhinitis is used in refer- 
ring to occasional attacks of coryza and sneezing apparently in the 
absence of infection Under this classification is included a peculiar 



Chart 1 — Cases of allergj in fi\e generations of the E family The hyper- 
sensitive persons are shovn m black The asterisk mdicates double inheritance, 
the dagger, negative inheritance, in all other families one parent was hyper- 
sensitive 

manifestation which occurred in nine members of the family This con- 
sisted of spells of sneezing, which came on without warning, any time 
dunng waking hours RES (92) sneezed Molently from nineteen to 
twenty-seven times, at intert als of from thiiiy’ to forty-five seconds, with 
profuse nasal discharge and tearing C R E (68) sneezed from fifteen 
to tiventy times, and his daughter, AI M E (72), sneezed from ten to 
tivelve times Both W G E (1) and A A E (2) had these attacks 
and three of their children have had them 

Urticai ia — Some difficulty was encountered in making statistics of 
subjects with this eruption as nearly all reported that they had had 
“hn es ’ or something supposed to be “hives” during their youth I have 
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eliminated the doubtful cases and usually include only those attributable 
to some known cause Urticaria as a sole positive symptom is used only 
in the case of young children with a definite history 

Aiigtonew ohc Edema — Several interesting cases of angioneuiotic 
edema are reported, with definite known causes 

Eczema — The infantile form of eczema had been pievalent in one 
branch of the family One or two cases existed m adults 

ANALYSIS OF DATA 

The collected data have been arianged in charts and tables Chart 1 
shows the five geneiations of the E family with the allergic members 
indicated Chart 2 furnishes an anal 3 '^sis of the occurence of each 
separate manifestation of allergy It specially emphasizes the fact that 
the cases of a given form of allergy tend to occur in persons closely 
related, rather than at random thioughout the famil}'- Only two or thiee 
cases occurred outside the small family groups 


Table 1 — Numeitca! Snmmaiy of Cases and Analysis by Geneiations 



Number of 

Positive 


Positive 

Generation 

Persons 

Cases 

Controls 

Controls 

P 

s 

S 



f 1 

5 

5 

5 

0 

12 

24 

14 

15 

1 

f-3 

28 

12 

3 

0 

f-4 

4 

2 



Total 

64 

36 

23 

1 


Table 1 is a numerical summary of the number of persons in each 
generation and the number of positive cases The distribution of the 
controls is shown by geneiations, the one positive case occurring in a 
person of the f-2 generation 

Table 2 is an analysis of the cases according to the presence or absence 
of allergy in the parents There were two families with both parents 
allergic, sixteen families with one paient allergic and two with neither 
parent alleigic 

Table 3 is a classification according to the form of clinical manifesta- 
tion, showing the number of cases of each form in each geneiation, and 
the total number of each form occurring in the family 

COMMENT 

Many writers express the belief that asthma is heieditar} Among 
the earlier authoiities on this question are Cullen^ and Andral,- 


1 Cullen Practice of Phj^sick, ed 4, Edinburgh, 1784, p 387 

2 Andral, G Cours de pathologic, ed 3, Brussels, 1865 
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29 


CJ '74 
_J 


>63 
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•^a ^14 ^44 
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^89 


Angioneurotic Edema 
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Chart 2 — Showing tendency for given forms of allergic manifestation to 
occur in groups of persons closely related 
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Geddings " jn Pepper s “System,” 1883, quoted Salter, Ramadge and 
Steavenson on the hereditar)’’ tendency in asthma In his original 
description of the “exudative diathesis” with which hypersensitiveness 
IS assoaated, Czerny ^ noted the tendency of asthma to occur in families 
“Protein sensitivity” was said to be hereditary by Osier, Longcope,® 
Cooke ® and othei s 


Table 2 — Auaivsis of Cases Accoidtitg to Picscnce oi Absence of Allergy 

in the Paicnts 


Senal 

Xmnber 

Children 

Positive 

Per Cent 
Positive 

Parents 

1 and 2 

Double Inhentmee— Both Parents 

5 

Positive 

5 

100 

3S and 39 

4 

3 

75 

5 

Single Inhentance— One Parent Positive 

S 6 

7^ 

53 

7 

2 

28 

6S 

3 

1 

33 

71 

5 

4 

80 

92 

1 

1 

100 

12 

4 

3 

75 

17 

3 

1 

33 

22 

3 

3 

100 

27 

4 

0 

0 

60 

2 

0 

0 

76 

1 

0 

0 

82 

3 

1 

S3 

87 

2 

1 

50 

44 

1 

0 

0 

14 

1 

0 

0 

4S 

2 

2 

100 

Total 

50 

25 

50 

T9 

Negative Inhentance— Neither Parent 

1 

Positive 

0 

0 

35 

1 

0 

0 


T E 3 - 

—Analysts of the Ocean ence of AUetgic Phenomena by Genet ations 



Ponn of Manifestation of Allergy 



f 


Vasomotor 


Angioneurotic 


Generation 

Asthma 

Hay-fever 

Hhinitis 

Urticana 

Edema 

Eczema 

P 



2 

1 

1 


11 

1 

1 

3 

2 


1 

t 2 

1 

8 

8 

4 

1 

4 

f-3 

7 

2 

2 

8 

4 

7 

f-4 




2 


2 

Total 

4 

11 

15 

17 

6 

14 


3 Geddings Bronchial Asthma m Pepper Sj^stem of Medicine, 1883, 
Aol 3 p 190 

4 Czemj, A Die exudatne Diathese, Jahrb f Kinderh 61 199, 1905 

5 Longcope W T The Sensitnit 3 of l\Ian to Foreign Proteins, Harvey 
Lecture, 1916 

6 Cooke, R A , and Vander Veer, A Human Sensitization, J Immunol 
1 201 1916 
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The term “hei editary ” is often used by clinicians as applied to a 
disease which tends to appear in several members of the same family^ 
Heredity in the biologic sense may not be involved The study of 
heredity in man is a matter of consideiable difficulty, and it is not cer- 
tain that heredity in a human being follows the same comparatively 
simple laws and mechanisms that have been worked out for heredity in 
certain plants and lower animals Some investigators, assuming that the 
mendehan laws can be applied to heredity in man, have studied the 
problem of hypersensitiveness from this standpoint Drinkwater,’^ Cooke 
and Vander Veer ® and Cooke and Spam ® attempted to show that sensiti- 
zation to protein is a true hei editary character following mendehan prin- 
ciples In an extensive study of heredity m human conditions, 
Buchanan ° failed to find evidence that asthma and ‘'protein sensitivity” 
were dependent on a true hereditary factor 

According to Buchanan, ° in seventeen families m which one paient 
had asthma, 102 children did not have asthma and eight had asthma, 
and m thirty-six families in which neither parent had asthma, 226 chil- 
dren did not have asthma and forty-six had asthma Working on the 
problem of hypersensitiveness to proteins, in seven families with one 
paient sensitive, he found thirty-six children not sensitive and two sensi- 
tive In twenty-four families without protein sensitization in either 
parent, 126 children were not sensitive and twenty-eight children were 
sensitive He states that if a character is hereditary, the laws of hei edity 
must hold m 100 pei cent of the cases, and that the factoi either is or is 
not present This is undoubtedly true as the behavior of hereditary 
chaiacters is understood But m such a condition as hypersensitiveness 
(which includes asthma as one of its manifestations), the difficulties m 
obtaining a perfect agreement with the mendehan ratios are great The 
greatest caie in taking histones may not result in accurate information, 
especially in the lelatives of patients Human families are not large 
enough to give a complete picture of the possible combinations of factors 
Only in a large number of offspring can a close approximation to the 
3 1 ratio be expected In such a condition as hypersensitiveness to 
proteins there is always the possibility that a person having the factor of 
hypei sensitiveness may not have manifested the tendency at all, or that 
he may have manifested it in a form which he could not recognize or 
remember In young children, the factor may exist, but not show as a 
clinical state latei in life Cooke and Vander Veer, and Cooke and Spain 

7 Dnnkuater, H Mendehan Heredity m Asthma, Bnt M J 1 88, 1909 

8 Cooke, R A and Spam, W Studies in Specific Hypersensitiveness 
IX The Familial Occurrence of Hay-Fever and Bronchial Asthma, J Immunol 
9 521, 1924 

9 Buchanan, J A Heredity and Human Conditions, Am J M Sc 165 675 

1923 
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endeavored to obviate this last difficulty by estimating the numbei ot 
children who would manifest hypersensitiveness at some time later in 
life, from certain curves based on the a\erage age for the appeal ance of 
manifestations in difteient kinds of inheritance This estimate has not 
been attempted in the group under consideration in this papei 

In a study of heredity in man, certain principles must be laid down 
as a working basis A character which is truly hereditary is dependent 
on the chromosomal make-up of the germ plasm Such a character is 
always associated with a contrasted character, and one is dominant over 
the other that is, when genes for both characters are present in the same 
person, the dominant one is evident, while the other is concealed The 
mendelian laws deal with the behavior of these genes In this discussion 
the existence of the two characters “hypersensitive” and “not hyper- 
sensitive” has been assumed As will be seen, it is not easy to decide 
which should be considei ed “dominant” and which “recessive ” 

If “hypersensitive” is the dominant factor the following lesults from 
the SIX possible varieties of mating may be expected 

DD X DD — offspring all hypersensitive 

DD X DR — offspring all hypersensitive 

DD X RR — offspring all hypersensitive 

DR X dr — 75 per cent of offspring hypersensitive 

DR X RR — 50 per cent of offspring hypersensitive 

RR X RR — no hypersensitive offspring 

If “hypersensitive” is the recessive factor 

DD X DD — no offspring hypersensitive 

DD X dr — no offspring hypersensitive 

DD X RR — no offspring hypersensitive 

DR X dr — 2S per cent of offspring hypersensitive 

DR X RR — 50 per cent offspring hypersensitive 

RR X RR — nil offspring hypersensitive 

Assuming that “hypersensitive” is the dominant factor, three kinds 
of matings can be determined in the E family 

1 When both parents are hypersensitive, DD X DD, DD X DR or 
DR X dr are the resultant combinations In the first twm matings, one 
wmuld expect 100 per cent of the children to be hypersensitive, in the 
third 75 per cent Actually, one finds two families with both parents 
hypersensitive The five childen of W G E (1) and A A E (2) 
were all hypersensitive It is improbable, however, that either 
W G E (1) or A A E (2) were DD because there is not any evidence 
of a DD parent among the members of the f-1 generation, as shown by 
100 per cent hypersensitive offspring m one family of children 
A A E (2) and W G E (1), as well as T L E (38) and 
S W E (39), must represent the DR X DR type of mating There 
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-were nine childien m these two families, eight of whom were hypersen- 
sitive The only nonhypei sensitive case occuired in a baby less than 1 
year of age 

2 When one parent is hypersensitive, DD X RR or DR X RR are 
the resultant combinations DD X RR piobably does not occui, for 
reasons explained in the preceding paiagraph DR X RR gives an expec- 
tation of 50 per cent hypersensitive oftspring, which is the figure obtained 
in the E family 

3 When neither parent is hypei sensitive, RR X RR is the lesultant 
combination Only two such families had children In each family there 
was one child and neither of the childien was hypersensitive 

The observations in the E family agree well with the expected 
figures for a dominant factor, but the number of cases is too small for 
one to draw conclusions 


Table 4 — Results m E Faintly with “Hypersensitive” as Dommant Factoi 



Theoretically 

Actuallj 

Summary of Matings 

Hj persensitive 

Hypersensitive 

DB X DB 

15% 

88 S% 

DB X RB 

mo 

50% 

RB X RB 

0 

0 


Table 5 — Results tn E Family with " Hypei sensitive” as Recessive Factoi 

Theoretically 

Summary of Matings Hypersensitive 

RB X RB 100% 

RR X DR 50% 

DB X DB 237o 

Actually 

Hypersensitive 

88 8% 

50% 

0 


Assuming that “hypersensitive” is a lecessne factor, the possibilities 
and actual observations are summarized m table 5 

Although the actual figuies are not gieatly at variance with the 
theoretical figures, it is difficult to mterpiet the hypersensitive factor as a 
recessive characteristic, because it would then be necessary to postulate 
a factor for “hypersensitive” m both paients whenevei there is a hyper- 
sensitive child 

Table 6 gives the peicentages of hypersensitive oflrsprmg obtained 
"by Drmkwater m a family of asthmatic persons, reported m 1909 It 
shows also the results of Cooke and Spam m 1,889 cases reported 
in 1924 

The evidence from the three sets of figuies seems to point to an 
inherited character as the basis for naturally occui i mg allergy, probably 
a dommant factor Two points m favor of this mtei pretation are 





480 


ARCHIVES OF INTERNAL MEDICINE 


1 Not all the children with two hypersensitive parents can be shown 
to be hypersensitive, as is necessary in case the character is recessue 

2 In order to have any hypersensitive children in the case of single 
inheritance, if the character is recessive, it is necessary that the nonhyper- 
sensitive parent carry the recessive factor for '‘hypersensitive ” There- 
fore, every one of the eleven persons who married hypersensitive 
members of the E family and had hypersensitive offspring must have 
been of hypersensitive families Only two of them had family histones 
of hypersensitiveness, and only one of the two was hypersensitive 

The 41 1 per cent found by Cooke and Spam ® to be hypersensitive 
persons with neither parent hypersensitive cannot be reconciled with the 
interpretation as a dominant factor In working from a single patient to 
the histories of his relatives, however, it is not always possible to get 
accurate information, and some cases of hypersensitiveness in parents 
might be missed 


Table 6 — Pet centagcs of Positwe Cases m Families Studied by Dtinkwaict, 
Cooke and Spain and of Those in the E Family 


Drmkwater, 20 cases 

Oooke and Spain, 1,8S9 cases 

Double 

Inheritance 

694% 

Single 

Inheritance 

50% 

58% 

Negative 

0 

41 1% 

E family 

88 S% 

50% 

0 

Expected ratio, dominant character 

100% or 75% 

50% 

0 

Expected ratio, recessive character 

100% 

50% 

29% 


In interpreting the hypersensitive tendency as a dominant hereditary 
character, I agree with Cooke and Spain,® but differ with Adkinson,^® 
who has interpreted it as a recessive factor The 41 1 per cent of hyper- 
sensitiAe persons with neither parent hypersensitive favors this inter- 
pretation, as under these circumstances 25 per cent of the offspiing may 
be expected to show the character 

If the character is hereditary, as is understood in the biologic sense, 
either the absence of 100 per cent incidence in double inheritance or the 
presence of 41 1 per cent incidence in negative inheritance must be 
wrong, according to the conditions laid down for a true inherited 
character 

The reasons for the discrepancies here encountered have ahead)’’ been 
discussed The conclusion, therefore, that such a character as “hyper- 
sensitive” exists but that it is dominant cannot be made However, the 
transmissibility of the allergic tendency from parent to child appears to 
be demonstrated conclusively 

10 Adkinson, J Bronchial Asthma as an Inherited Character, Genetics, 5 365, 
1920 
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SUMMARY 

1 A family of ninety-four persons and five generations was studied 
by means of histones obtained through questionnaires, m regard to the 
hei editary occurrence of allergic manifestations The manifestations of 
alleigy considered were asthma, hay-fever, vasomotoi rhinitis, urticaria, 
angioneurotic edema and eczema 

2 Twenty-thiee peisons who were maiiied to membeis of the E 
family have been used as controls As a gioup of unselected normal 
patients, their histones were taken m the same manner as the histones 
of the E family 

3 In the E family, 56 2 per cent of the members weie allergic 
Among the twenty-three controls, not related to the family except by 
marriage, only one was allergic 

4 The results of this suivey support the contention that allergy is 
familial m distribution 

5 Given forms of allergic manifestation apparently tend to be 
pievalent among closely i elated persons 
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Notwithstanding the fact that increased destruction of blood in per- 
nicious anemia was demonstrated over thirty years ago by Hunter,^ it 
would appear from a careful search of the literature that a direct destruc- 
tive action of the blood serum on the red coipuscles in this disease has 
not been demonstrated The bullc of the lesearch on the mechanism of 
erythrocyte destiuction in pernicious anemia appears to have been 
dnected towaid the demonstration of a localization of the process in 
certain organs, especially in the bone marrow, spleen, hemolymph nodes 
and liver The investigations have been cairied out principally along 
thiee difteient lines of pursuit (1) histologic studies of the phagocytic 
activity of the cells of the different organs, (2) the quantitative deter- 
mination of the iron content of these organs, and (3) the isolation of 
hemolytic substances from these oigans 

Hunter found excessive deposits of pigment in the cells of the livers 
of persons dying of pernicious anemia, and so convinced was he that 
the liver is the piincipal site of cell destruction, that he concluded that 
the causative agent of the disease must be of intestinal origin Dickson ® 
shoM’’ed that the bone inanow is the site of extensive phagocytosis of red 
coipuscles, not onty in peinicious anemia, but also in other severe chronic 
anemias and in cei tain acute infections associated with a leukopenia He 
was of the opinion that the bone marrow is the principal site of erythro- 
CAtoclasis in pernicious anemia 

In a more recent article, Schneider,^ while, of course, not denying the 
existence of phagoc 3 dosis in the spleen, is of the opinion from histologic 
studies of spleens made b> him in association with Eppinger in the 
Von Noorden Clinic, that the actual hemolysis (escape of hemoglobin) 
takes place in the Kupffei cells of the parenchyma of the liver 

1 Hunter, William Pernicious Anemia, Charles Griffin & Company, 1901, 
p 77, Severest Anemias, London, 1909, p 110, Brit M J 2 81, 1890, Lancet 1 
287, 1890, 1 283, 1903 

2 Dickson The Bone Marrow, New York, Longmans, Green and Company, 
1908, p 73 

3 Schneider, J P The Splenic Pathology of Pernicious Anemia and Allied 
Conditions, Arch Int Med 17 32 (Jan) 1916, Journal-Lancet 37 105, 1917 
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None of the investigations has disclosed anything peculiar to the 
phagocytosis that occurs in pernicious anemia, and Warthm ^ concluded 
that cell destruction in pernicious anemia differs only quantitatively from 
that which occurs normally Dickson states that the phagocytic cells of 
bone marrow arise from endothelial lining of blood capillaries and from 
adenoid reticulum of the marrow “Pigment cells and cells containing 
erythroblasts and red corpuscles are seen in very great numbers in the 
bone marrow whenever there is any great amount of blood destruction 
going on in the organism This is seen in pernicious anemia and other 
long-standing anemias , also seen m equal and even greater numbers in 
acute diseases, especially septicemias and pneumonias with leucopema. 
I therefoie regard the marrow as one of the principal sites of hemolytic 
action, scarce!}’-, if at all of less importance, in the carrying on of this 
function than are the liver and spleen, a fact which is all the more strik- 
ing when the great extent and the wide distribution of the red bone 
marrow throughout the body is boine m mind ” 

Warthm ^ reported eight cases of pernicious anemia, including post- 
mortem examination, in which he found changes m both the lymph and 
hemolymph nodes which varied greatly in degree In only one case did 
the peiipheral glands (axillary, superficial cervical, inguinal and cubital) 
show any change that could be regarded as belonging essentially to per- 
nicious anemia, also the changes in the mesenteric glands were not 
constant, occurring only in two cases In all eight cases he found 
changes in the prevertebral, retroperitoneal and cervical lymph and 
hemohmph glands indicating excessive hemolysis These changes were 
an apparent increase in the number and hyperplasia of resting 
hemolymph glands, dilatation of the blood sinuses, with an inciease 
in the number of phagocytes containing disintegrating red cells and pig- 
ment , and in the lymph gland, dilatation of the lymph sinuses, presence 
of increased number of red blood cells in the latter, an increased number 
of phagoc}'tes and congestion The difference in degree of changes 
suggests inteimittent hemolysis In some cases, veiy little hemosiderin 
01 few phagoc} 1 :es containing red blood cells are found in the spleen, 
while they are abundant in the hemolymph glands and vice versa 

The hemolytic poison does not confine itself to the portal areas as 
claimed b}' Hunter, but is present in the general circulation Further- 
more, as pointed out b} Hunter, the hemolysis of pernicious anemia is a 
cellular piocess and is perfoimed by the phagocytes of the spleen, lymph 
glands, hemol}mph glands and bone marrow in response to the direct 
stimulus of the poison or of blood cells injured by the poison He did 
not find any e-\idence of hemolysis in the liver m his eight cases He 
thinks the hemol}sis of pernicious anemia does not differ in kind from 
that winch occurs m other diseases but that the difference is one of 

4 Warthm, AS Am J M Sc 124 674, 1902, J M Research 7 435, 1902. 
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degree only Lymphoid and megaloblastic changes m the marrow do not 
form an essential part of the pathologic piocesses m pernicious anemia 
and are to be regarded as of a compensatory nature — an increased activity 
of 1 ed blood cell formation occurs to supplj'^ the deficiency caused by the 
excessive hemolysis 

Determinations of the iron content of the organs offer a less satis- 
factory source of evidence than does phagocytosis regarding the localiza- 
tion of the process of cell destruction, as the iron content of an organ 
presumably depends to some extent on the late of utilization of iron foi 
the purpose of manufacturing of red cells Quemcke ° found the iron 
content of the liver below normal m cases of excessive loss of blood 
from the body, and Muir and Shaw Dunn found that the excess of 
iron stored in the organs of rabbits following acute anemia caused b} 
injection of hemolytic serum was almost entirely absorbed by the time 
complete regeneration of blood had taken place, the absorption fiom the 
cells of the liver was almost complete, but a certain excess remained in 
the splenic pulp and in the renal cortex 

Hunter, however, was convinced that the characteristically high 
values found by himself and others foi non content m the hvei in pei- 
nicious anemia was evidence of a localization of the process of cell 
destruction m that organ Schneider interpreted the marked urobihno- 
choha which he obseived m pernicious anemia as evidence of exces- 
sive destruction of red cells in the liver Ryffel " has determined 
the iron content in six cases of pernicious anemia In five of these cases, 
the liver and spleen showed a higher iron content than that found in 
normal cases, usually the iron content of the liver (m weight per cent) 
was higher than that of the spleen, kidney or heart (from 0 24 per cent 
to 1 01 per cent in the liver , the normal weight for the liver is about 
0 10 per cent) Unfortunately, the normal weight (as they considered 
it) is not stated m any of their investigations 

The reported results of attempts to isolate hemolytic substances from 
the organs m pernicious anemia have been inconsistent and difficult of 
interpretation This has been noted especially because (1) tissues 
when removed from the body, even under aseptic conditions, tend to 
undergo autolysis and the products of autolysis are themselves hemolytic, 
and (2) hemolytic substances have been isolated from fiesh normal 
organs Robertson ® found that whereas alcoholic and saline extracts of 

5 Quemcke Deutsches Arch f klin Med 27 193, 1880 

6 Muir and Dunn, Shaw J Path & Bact 20 41, 1915 , 21 417, 1917 

7 Ryffel, J H J Path & Bact 14 411, 1909 

8 Robertson, OH A Study of Hemolytic Activity of the Spleen m 

Pernicious Anemia, Arch Int Med 16 652 (Oct) 1915, Urobilin m the Stool— 
Urobilin m the Stool m Pernicious Anemia as Influenced by Splenectomy, Trans- 
fusion and Salvarsan, ibid 16 429 (Sept) 1915, An Index to Blood Destruction, 
15 1072 (Dec ) 1915 , Robertson and Rous J Exper Med 25 665 and 651, 
1917 
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fresh pulp from spleens removed at operation m cases of pernicious 
anemia did not possess hemolytic properties, ethereal extracts possessed 
marked hemolytic activity, etheieal extiacts of normal liver and of 
normal intestine also possessed hemolytic properties Nolf ” found that 
extiacts of normal spleen possess maiked hemolytic activity, and Banti 
likewise reported evidence of a hemolytic substance exti acted from the 
spleen On the other hand, Pearce, Krumbhaar and Fiazier^^ reported 
that they were unable to demonstiate any constant hemolytic properties 
in saline extracts of fresh spleen, mesenteric lymph nodes or liver 
Wells said, “It is not generally accepted that the sleep plays an 
essential role m causing pernicious anemia through excessive phago- 
cytosis 01 production of hemolytic poisons ’ 

It IS, however, impossible to deny that because there is no satisfactoiy 
evidence of a specific soluble hemolysin that can be isolated from the 
spleen m pernicious anemia, the spleen does not possess eiythiocytocidal 
properties other than phagocytic Bottazzi demonstrated an increased 
lesistance of red corpuscles to hypotonic salt solution after splenectomy 
and suggested that the spleen acts to render the red cells moi e susceptible 
to destruction However, direct proof of this action has not been 
furnished Butler^® studied the resistance of the red corpuscles to 
hypotonic salt solution in four cases of pernrcious anemia and found 
that they appeared to have normal values Bigland^^ did not find any 
abnormal fragility of the corpuscles from six cases of pernicious anemia 
in which tests against saponin were made, and Rous did not find low- 
ered resistance of corpuscles in cases of pernicious anemia to hemolytic 
serum Robertson studied the resistance of red cells taken from the 
splenic vein and artery m three cases of pernicious anemia in which the 
spleen was being removed by operation In each case he found that the 
cells from the splenic vein showed a distinctly decreased resistance to 
hypotonic salt solution compared to those taken from the splenic artery 
The resistance of the splenic venous corpuscles was less than that of 
peripheral venous corpuscles and less than that of normal controls In 
fact, the resistance of the corpuscles from the peripheral venous blood was 
greater than normal in most cases Pearce, Krumbhaar and Frazier 
stated that the resistance is usually, but not always, increased m 
pernicious anemia 

9 Nolf, P Compt rend Soc de biol 72 121, 1912 

10 Banti Semaine med 32 265, 1912, 32 313, 1913 

11 Pearce, Krumbhaar and Frazier Spleen and Anemia, Philadelphia, 
Lippencott & Company, 1918 

11a Wells Chemical Pathology'-, Philadelphia, W B Saunders Company 

12 Bottazzi Lo Spenmentale 68 433, 1894 

13 Butler Quart J Med 6 145, 1912 

14 Bigland Quart J Med 7 370, 1913 

15 Rous, P J Exper Med 11 763, 1909 



486 


ARCHIVES OF INTERNAL MEDICINE 


In this connection, it should be borne in mind, however, that the 
leticulated cells may influence the fragility values Pepper and Peet^'’ 
concluded from their own experiments and from a leview of the litera- 
ture that the reticulated eijdhiocytes show a gi eater resistance to 
hemolytic agents than do unreticulated forms It would seem from the 
results of certain obseivations recoided in this paper that whereas the 
leticulated cells after hemorrhage are moie resistant than the unretic- 
ulated forms tested by hypotonic salt solution, those of the reticulated 
cells of pernicious anemia are less resistant, and if present in sufficient!} 
great quantities may appreciably influence the total fragility so that 
hemolysis will appear to begin at a higher figure, thus simulating hemo- 
lytic jaundice As Minot pointed out, such cases clinically simulate 
hemolytic jaundice chionically acquired and are the ones in which the 
best results are to be expected from treatment by splenectomy 

Of a wholly diffeient nature is the histologic evidence brought forth 
by Eppinger,^® who found in the spleens of patients with peinicious 
anemia hyaline degeneration and increased thickness of the central 
arteries resulting in a diminution of the caliber of the lumen As a result 
of this stenosis, Eppinger concludes that an abnormally gieat amount of 
blood IS forced directly into the pulp area through the capillaries of 
Weidenreich In the pulp area the blood is prepared for hemolysis later 
to be affected by the Kupffer cells of the liver The increased destruc- 
tion of blood in pernicious anemia is thus not due to an increase in the 
speed with which blood is prepared for destruction 

Schneider stated “Contrary to the conception of Aldis, hemolysis 
•occurring to the extent of allowing detection of free hemoglobin in the 
spleen is rare, and whether engulfed by the phagocytic endothelial cells 
or not, the actual hemolysis occurs in the Kupffer cells of the liver 
parenchyma Pleiochromia is an expression of immediate hemolysis , 

Tirobihnocholia the heaped up pigment in the portal system” Pei- 
nicious anemia shows, both Wilbur and Aldis stated, that by means of 
estimations of urobilin in the urine and feces the forms of anemia asso- 
ciated with increased destruction of blood may be differentiated Both 
are high in pernicious anemia 

16 Pepper, O H P , and Peet, N M The Resistance of Reticulated 
Erythrocjdes, Arch Int Med 12 81 (July) 1913 

17 Minot and Lee Boston M & S J 177 761, 1917 Minot, G R Oxford 
Medicine, vol 2, p 589 Lee, R I , and Minot, G R Cleveland M J 16 65, 
1917 Minot, G R Boston M & J 174 667, 1916 Lee, R I , Minot, G R , and 
“Vincent, B Splenectomy in Pernicious Anemia, Studies m Bone Marrow 
Stimulation, J A M A 67 719 (Sept 2) 1916 Minot, G R Bull Johns 
Hopkins Hosp 25 338, 1914 

18 Eppinger Berl klin Wchnschr 50 1509, 1572 and 2409, 1913 

19 Wilber and Aldis Urobilin Its Clinical Significance, Arch Int ]\Ied 
13 235 (Feb ) 1914 
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Further evidence of the mechanical influence of the spleen has been 
brought forth by Peaice, Heitm and Eisenbrey,“° who showed that 
jaundice peisisted for a longer period in dogs when hemoglobin was 
injected into the mesenteric vein than when it was injected into the 
femoral vein Warthin^ has shown that hemolysis by the hemolymph 
glands exceeds that found in the spleen aftei splenectomy Pearce and 
his collaborators explained the lessened tendency to jaundice after 
splenectomy as due in part to the fact that the products of red cell 
destruction are liberated, not into the portal system, but into the general 
circulation That such a mechanism may be effective m pernicious 
anemia is reasonable, but has not been proved 

Finally, the effects of splenectomy in pernicious anemia constitute 
uncertain evidence, as (1) the results aie uncertain, and (2) the hemo- 
lymph glands, which are functionally similar to the spleen, may then 
take on the activities of the spleen One is inclined to agree with Hirsch- 
field that the spleen is not the essential organ in causing either the 
excessive phagocytosis or the increased hemolysis m pernicious anemia 
There is little evidence to show that humoral factors may play a role 
m the excessive blood destruction of pernicious anemia Joannovics and 
Pick found in experimental phosphorus poisoning an increased amount 
of unsaturated fatty acids in the serum and suggested that the increased 
hemolysis may be due to the increased unsaturated fatty acids Eppmger, 
and later King,^® attempted to demonstrate a parallelism between the 
quantity of unsaturated fatty acids m the serum and the extent of hemol- 
ysis m pernicious anemia McPhedran,^* however, was unable to 
demonstrate any undue hemolytic action of unsatnrated fatty acid in 
vitro In fact, he concluded from his work that “hemolysis by 
unsaturated fatty acids is not more active m proportion to the degree to 
which these acids are unsaturated, nor is it diminished when unsaturated 
carbon atoms are saturated by halogens but is diminished when they are 
converted into corresponding hydroxyl acids which are hemolytic only 
to the same degree as saturated acids ” 

Interesting but unpioved is the theory of Cederberg He conceived 
of pernicious anemia as a manifestation of anaphylaxis caused by the 
passage of an incompletely broken-down foreign protein into the circu- 
lation through constitutional defects in the intestinal mucosa This pro- 

20 Pearce, R M , and others J Exper Med 16 363 and 780, 1912 

21 Hirschfield Ztschr f khn Med 87 165, 1919 

22 Joannovics, G , and Pick, E P Ztschr f exper Path u Therap 7 185, 
1910 

23 King, J H Studies in the Pathology of the Spleen, Arch Int Med 11 
145 (Aug) 1914 

24 McPhedran J Exper Med 27 527, 1913 

25 Cederberg Perl klin Wchnschr 51 585, 1914 
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tein then acts in the blood stream as a hemolytic agent He reasons from 
the analog}’^ of observations on the blood of animals dying of anaphylactic 
shock which shows a certain amount of hemolysis 

TECHNIC or TEST 

Sufficient blood to yield about 25 cc of serum and 5 cc of red cells was 
obtained from the patient and the same amount from a normal person of the 
same iso-agglutmation (isohemolytic) group, determined by the Moss method 
All of the patients except two had negative Wassermann tests, and races were 
not crossed The Wassermann tests were made in Dr Mallory’s laboratory The 
blood specimens from which serums were obtained were placed in large test 
tubes and allowed to stand in the ice chest until a firm, well retracted clot had 
formed and the clear serum had separated The blood specimens from which 
cells were obtained were defibnnated with beads, centrifugalized and the serum 
pipetted off, and then washed once with an 0 8 per cent solution of sodium 
chloride, again centrifugalized, and the supernatant fluid pipetted off A SO per 
cent suspension of these cells was made up in 0 8 per cent salt solution and placed 
in the ice chest When the blood m the test tubes had clotted sufficiently well to 
permit the decantation of the serum, which usually took about four hours, the 
serum was poured off for use in the test, centrifugalized and the clot discarded 
Specimens m w'hich hemolysis had occurred w'ere not used 

The following series of test tubes, each containing 1 cc of fluid, was then set 
up in duplicate (1) salt solution, ranging in concentration from 0 6 per cent, or 
higher, to 01 per cent at intervals of 0025 per cent, (2) normal serum, two sets, 
progressively diluted with distilled water, the first tube containing pure serum 
and each successive tube containing 005 cc more of distilled water and 0 05 cc 
less of serum than the one immediately preceding it, until a dilution of serum 
corresponding to 1 19 was reached , (3) abnormal serum, two sets, diluted m the 
same manner as the normal serum To each tube of one of the duplicate sets m 
each of the three series was then added 0 1 cc of the 50 per cent suspension of 
wmshed normal cells and similarly to each tube of the other of the duplicate sets 
of each of the three series was added 0 1 cc of the 50 per cent suspension of the 
washed cells of the patient All the tubes w'ere then shaken m order to mix the 
cells and supernatant fluid and then placed in the icebox for two hours They 
were then removed, again shaken, and allowed to stand at the temperature of the 
laboratory (about 20 C ) for one hour, and then incubated for one hour at 37 C 
Observations were then made In each of the six sets of tubes the dilution at 
wffiich hemolysis was observed to commence and the dilution at which hemolysis 
was observed to be complete were noted Hemolysis was deemed to be complete 
when the color of the supernatant fluid was of the same intensity as that of a 
solution of normal red cells made by adding 0 1 cc of a 50 per cent suspension 
of such cells to 1 cc of distilled wmter Dilutions of normal and of abnormal 
serum with distilled water w'ere then made up corresponding to those dilutions 
at which hemolysis was observed to commence and at which hemolysis was 
observed to be complete in the case of the normal cells and of the patient’s cells 
The freezing point depressions of these diluted serums were then determined by 
means of the Beckmann thermometer m the usual manner From tables in 
Landolt and Bornstem’s "Compendium,” the percentage concentrations of salt 
solutions corresponding to these freezing point depressions were ascertained It 
W'as deemed more convenient to express all dilutions m terms of equivalent 
percentage concentration of sodium chloride than m terms of freezing points. 
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•merely because it is con\entional to express the results of fragility tests in terms 
of percentage of concentration of sodium chloride For this purpose, it is con- 
venient to construct from the standard tables a curve showing the relationship of 
concentration of sodium chloride to the depression of the freezing point 

A complete record of history, physical observations, laboratory and roentgen- 
ray reports was made, as all these patients uere admitted to the hospital for 
research In addition, the following special tests were made hematocrit, serum 
color, differential red counts, reticulated red counts, differential white counts, 
platelets, hemoglobin, color index, coagulation time, bleeding time, blood group — 
Moss method and Wassermann 

COMMENT 

Practically all the tests for fi agility of the red blood cells have been 
made with hypotonic salt solution A few repoits have been made of 
tests in which saponin and bile have been used In the composite chart 
in which the data for abnormal cells in salt solution is shown, the 
extreme variations for the beginning of hemolysis is 0 51 for hemolytic 
jaundice and polycythemia to 0 38 for pernicious anemia in remission 
taken by group When individual cases aie considered, the maximum 
IS 065 in a case of undiagnosed anemia (at first thought to be per- 
nicious anemia) to 0 35 m aplastic anemia These ranges are rather 
striking when only a few cases are considered, but, when the groups 
ai e compared to the normal, which is 0 404, most of the groups appear 
to have slightly increased fragility for the beginning of hemolysis 
The completion of hemolysis in salt solution for the normal is 0 29 
while the extremes by groups is 027 for peinicious anemia in relapse 
and septic anemia and 0 19 for polycythemia , in individual cases, 0 35 
for pernicious anemia m remission and 0 12 for polycythemia When 
the behavior of the cells in salt solution alone is considered, a few cases 
stand out strikingly, but when groups are considered such definite char- 
acteristics cannot be observed, and conclusions cannot be drawn which 
will make the test of value in diagnosis 

The fragility of the red cells may depend on a number of things 

1 The most fragile cells may have been destroyed m the body 
before the blood was taken, and when the test is made only the more 
resistant cells are available 

2 If the severe destruction has taken place several days prior and 
enough time has elapsed for young cells to be thrown into the circula- 
tion in quantities sufficient to influence the test, the resistance of young 
cells will be tested Reticulated red cells appear to react normally to 
salt and serum (chart 1) 

3 If the destruction has been gradual over a long period of time 
and the replacement has appeared at the same rate, a rather wide range 
of fiagihty may be found 
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4 When the normal rate of destruction has been diminished, the 
more fragile cells may remain in the circulation for a longer time, and 
again a wide range of hemolysis may be shown by the hypotonic salt 
solution test 

So far only the red cells have been considered This is a single 
variable and more easily interpreted, but the observations are so close 
to the normal that undoubtedly the cells are not abnormal to such an 
extent that they alone can be used for diagnostic purposes Accordingly, 
some agent which may with slight changes cause red cell destruction 



Chart 1 — Reaction of reticulated red cells to hypertonic salt solutions and to 
normal and abnormal serums Reticulated red cells, 43 4 per cent, platelets, 
254,000, hemoglobin, 30, red cells, 1,200,000, and white cells, 4,000 In each chart 
the curves are m pairs, the upper curve the beginning of hemolysis, and the lower 
curve the completion of hemolysis The space between the two curves represents 
the range of hemolysis 


01 preservation was sought The different organs of the body and 
their extracts were studied as described in the first section of this 
paper The serum remained uninvestigated 

The serum should produce hemolysis and destruction of the red cell 
at approximately the same level of salt concentration as the hypotonic 
salt solution, unless some protective or destructive agent was present 
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In order to investigate this principle, seventy-eight normal cases were 
tested The beginning of hemolysis was slightly higher in the serums 
than m the salt solution It was the same when the cells were put into 
their original serum or in that obtained from another person The 
serums appeared to be protective for the cells, so that the most resistant 
cells suivived in a lesser salt concentration than in the plain sodium 
chloride This seems paradoxic The range of hemolysis for cells 
in salt was Oil, while in serum the average was 0 20 This range 
must be taken into account when the action of a particular serum on 
red cells is considered The variation of any normal from the average 
of the group of normals is very small, so that any marked deviation 
from the standard normal can be classed as pathologic (chart 2 A) 

Tests in normal cases m all iso-agglutination groups showed 

(а) The mean for beginning hemolysis of cells from normal persons in salt 
solution IS 040 for seventy-eight cases 

(б) Cells from normal person m own serum 0 45 

(c) Cells from normal person in serum of another normal person, 044 

(rf) Greatest difference between '‘a” and '“b” is 010, and 70 per cent of the 
cases show a difference of less than 5 per cent 

(e) Greatest difference between "a” and "c" is 0 10, and 75 per cent show a 
difference of less than 5 per cent 

(/) Ten of the seventy-eight cases show their own serums less hemolytic 
than salt solution 

(g) One of twenty cases shows other normal serums less hemolytic than salt 
solution 

Average foi Hemoiihage — A few hours following an acute hemoi- 
rhage from trauma, the cells are normal to salt, but the serum is pro- 
tective to the cells which it contains and to the cells fiom another 
person Perhaps something other than salt has entered the serum which 
exerts this action or perhaps the cells have adjusted themselves to the 
newly formed serum Since the serum protects both its own cells and 
those from a normal person, it would seem that the serum itself has 
changed (chart 2 B) 

Secondaiy Aneima — The average for all degrees of secondary 
anemia is very nearly the same as normal In individual cases there 
are sti iking vanations, as in case 68 of early Hodgkin’s disease, the 
abnormal serum is very protective, while in case 76 that of lead poison- 
ing, the serum is destructive both to normal cells and to its own cells 
(chart 2 C) 

Hemolyhc JaimdKe — The serum reacts normally with normal cells, 
but some of the cells are more fragile in normal serum and still more 
so in their own serum, while there are a rather large number of very resis- 
tant cells The lower curve is the same as that in hemorrhage (chart 
2 D) 
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Peuitcioits Aneinm — Relapse — Septic Anemia — This group included 
all cases in which the diagnosis could be made by the symptoms 
and observations of the blood at the time the blood was 
taken for the test It was in this group that I noticed the marked 
hemolytic activity of the serum for noimal cells and found it necessarj 
to extend the test to include two series of tubes, oneToi testing the 
reaction of abnormal cells to normal serum and the second for abnormal 
cells to abnormal serum When normal cells are placed in abnormal 



Chart 2 — Range of hemolysis for cells m salt solutions and in normal and 
abnormal serums A represents the normal average, JB, the average for acute 
hemorrhages, C, the average for secondary anemia, and D, the average for 
hemolytic jaundice The lines are in pairs, the upper line indicating the beginning 
of hemoljsis and the lower line the completion of hemolysis 

serum, hemolysis begins at 0 550 (sodium chloride) , and when abnor- 
mal cells are placed in their own serum, it is increased to 0 58 Many 
of the cases reach a higher level, as in case 65, to 065 and 08, case 61, 
to 071 and 089 The cells react normally to salt solution This 
Increased hemolysis m the serum in pernicious anemia is more promi- 
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neiit when the relapse is on the decline and less when on the incline to 
recoveiy In one case it was noticed definitely while the condition was 
still in remission but just before the relapse which followed in a few 
days It would seem from this that some toxic or hemolytic agent is 
in the seium and that this agent is transitory If any antibody is 
foimed which causes the i emission it is temporal y, as a relapse invari- 
ably occuis sooner oi latei It would be easier to assume that the 



Chart 3 — Curves sho^\lng a\erage range of hemolysis at the time of blood 
test A represents the reaction during the period of relapse of a case of 
pernicious anemia, B, the reaction in septic anemia, C, the range for jaundice 
produced by various causes, and D, the period of remission in pernicious anemia 

toxic substance appeals mteimittently in the blood stream This curve 
is almost identical with that of septic anemia In septic anemia there 
is an absorption of poisons fiom a definite focus of infection oi abscess 
Cases of bacteremia were not included in this gioup (chait 3 A and D , 
also chart 4) 
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Jaundice — This group included the various types of jaundice, except 
the hemolytic Two cases were syphilitic The uppei curve is nor- 
mal The lower is slightly below the normal The action of bile in 
the serum on red cells is slight, either on the noimal cells or the cells 
which were m the jaundiced seium (chait 3 C) 

Peimcious Anemia — Remission — The curves are normal The 
diagnosis had been made previously when the patients were 



Chart 4 — Cur\es showing range of hemolysis during the period of relapse in 
a case of pernicious anemia Hemoglobin, 30, red cells, 880,000, platelets, 112,000 
and vhite blood cells, 4,000 


in a state of relapse There were slight Aariations of the ciirte 
for individual cases, depending on which stage of remission they 
were m, whether just entering it or ready foi a relapse (chart 3 D) 
Polycythemia — In pohcythemia a portion of the cells weie very 
resistant Man} red cells survived a dilution equnalent to sodium 
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chloride 0 1, determined by microscopic examination Some of the 
cells were slightly more fragile than normal An interesting question 
can be raised here as to the cause of polycythemia The cells may 
increase in number because they are exceedingly resistant and defy 
the normal destruction mechanism while the rate of production con- 
tinues the same 



Chart 5 — Averages in polyc>thaemia serums, hemoglobin, 140, red cells, 
8,620,000, platelets, 260,000, and reticulated red cells, 2 per cent 

Unclassified — This includes a variety of cases of known diagnosis 
and some doubtful 

SUMMARY or CASES 

In case 4, the patient had a severe anemia and presented some of 
the sjmptoms and signs of pernicious anemia and aplastic anemia, also 
symptoms of hemolytic jaundice at times Transfusion was used a 
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number of times, with temporary relief This test proved that the 
red cells i\ere at times extremely fragile, being hemolyzed in normal 
seium with a sodium chloride concentration of 089 and her own serum 
0 884 The serum was not hemolytic to normal red cells In case 70, 
one of trichinosis, the blood serum was normal In case 28 which was 
not diagnosed, the cells were extremely fragile In case 5, hypei- 
trophic cirrhosis of the liver with severe jaundice, the serum was 
hemolytic In case 40, aplastic anemia, the cells were resistant never- 
theless it was necessar}' to gne the patient transfusions every thirt)- to 



Chart 6 — A.\erages m reaction of cells in aplastic anemia, hemoglobin, 2 d 7, 
red cells, 1,310,000, i\hite cells, 4,200, platelets, 192,000, serum deeply yellow 


forts da)s He felt well in the mter\als and did his usual office work 
(chart 6, also table 2) 

CONCLUSIOXS 

1 Under certain conditions there are hemol}tic substances in the 
blood serum The unknown substances act m vitro and may also act in 
the blood stream on the red cells 

2 Blood serum in patients with pernicious anemia who are hawng 
1 elapse contains a hemolytic substance for its own red cells and also for 
normal red cells 
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Table \ —Chai acterisUc Features of Diseases Studied as Shozun by Mean 

Values in Abnotmal Cases 


Minimal 

Hemolysis 

Hemor- 

Aplastic 

Secondary 

Hemolytic 

Pernicious 

Pols 

Concentration 

rhage 

Anemia 

Anemia 

Jaundice 

Anemia 

cythcmia 

Col S 

X 



X 

+ 

X 

+ 

Col i 




N 

+ 

X 

+ 

GoLG 

— 

X 

— 

— 

J- 


Col G 

— 

— 

— 

+ 

+ 


Span 

Col 3 

+ 

— 

X 

O. 

X 

-f 

Col i 

+ 

— 

X 

+ 

X 

-i- 

Col 5 


X 

— 

— 

-f 

-1- 

Col 0 

K 




+ 

+ 



Span Indicates diflerence between minimal and complete hemolysis concentration, N, value 
within normal range, value greater than normal maximum, — , value less than normal 
minimum Col refers to the column In the charts 


Table 2 — Fractions of Cases Showing E.vtia Normal Values 


Minimal 

Hemolysis 

Hemor- 

rhage 

Aplastic 

Anemia 

Secondary 

Anemia 

Hemolstic 

Jaundice 

Pernicious 

Anemia 

Poly- 

cythemia 

t 

Concen r 
tration 

"f* 

^ r~ 

4 - 

\ r 

+ 

— 

4 - 

— 

4 . 

— 

4 - 

— 

Col 3 

0 

2/G 

0 

2/2 

0 

0 

2/2 

0 

2/20 

6/20 

2/4 

0 

Col 4 

0 

5/G 

0 

0 

0 

3/20 

2/2 

0 

4/20 

0 

S/4 

0 

Col 5 

0 

5/G 

0 

0 

2/20 

izi2n 

0 

2/2 

17/20 

0 

S/4 

0 

Col C 

0 

5/C 

0 

2/2 

0 

6/20 

2/2 

0 

17/20 

0 

4/4 

0 

Span 

Col 3 

3/0 

0 

0 

2/2 

3/20 

0 

2/2 

0 

2/20 

S/20 

3/4 

0 

Col 4 

4/G 

0 

0 

2/2 

4/20 

0 

2/2 

0 

5/20 

1/20 

4/4 

0 

Col 5 

0 

1/6 

0 

0 

6 '20 

8/20 

0 

1/2 

13/20 

0 

2/4 

2/4 

Col G 

0 

1/0 

0 

2/2 

2/20 

0/20 

2/2 

0 

14/20 

0 

4/4 

0 


The numerator refers to the number of cases sbowine extra normal nines, the denomi- 
nator refers to the number of cases of the disease studied 


Table 3 — Pei ceniage in 110 Cases Studied Showing All of the Deviations from 
the Normal by Mean Values Including Certain Cases of Slight Deviation 
fiom the Normal Oblitei ated or Only Vaguely Rcpi esented 
in Mean Values 



Aplastic 

Secondarj 

Hemolytic 

Perniaous 


Hemorrhagic 

Anemia 

Anemia 

Jaundice 

Anemia 

Poljcythemia 

tO^o 

1007e 

4(ra 

50% 

00% 

50% 


Table 4 — Peiccntage of Cases Other Than Disease in Question Showing All 
Characteristies of Mean Values for that Disease Without Abnonnahties 


Aplastic Secondary Hemolvtie Pernicious 

Hemorrhage Anemia Anemia Jaundice Anemia Polyc-vthemia 


1 % 




STo 


0 
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3 Serum in hemolj-tic jaundice and septic anemia also contains a 
hemohtic substance 

4 The red cells are abnormal in pohc\themia, aplastic anemia and 
secondary anemia 

5 Reticulated red cells of normal size are more resistant than the 
nonreticulated 

6 This test is of -value in the differential diagnosis of anemia and 
for determining the resistance of the red cells and the hemohtic power 
of the serum 


5-^7 West Jackson Boulevard 



A RECORD SYSTEM SUITABLE FOR BOTH 
CLINICAL AND STATISTICAL MEDICINE 

HALBERT L DUNN, MD 

AND 

REED ROCKWOOD, MD 

BALTIMORE 

Notation of clinical observations has existed since the beginning ot 
medicine A large poition of the present knowledge of disease has 
come from the summation of the bedside notes made by the physician 
Befoie the occurrence of comparatively recent scientific trends in modem 
laboiatory medicine, the clinical record might well have been considered 
as the coiner-stone on which all medical knowledge was built 

In the past thiee decades the basic medical sciences have advanced 
with tremendous strides The micioscope and the test tube have yielded 
scientific facts of utmost importance The knowledge obtained from 
observation made at the bedside has progiessed with the advance in 
laboiatory medicine but has scarcely kept pace with it This is due, 
111 pait at least, to the ignorance displayed by the clinical group in 
modem statistical technic The analysis of clinical recoids, which is 
the scientific proving giound for clinical observation, has been carried 
on 111 an inadequate fashion The reason for the failure to use the 
statistical science may be assigned largely to the form of the clinical 
record which does not yield itself to technical analysis Modern tabu- 
lating technics aie available which, if applied to the problem, should 
fulfil the demands of statistical medicine, peiinit extensive analysis of 
clinical facts and consequently furnish a yardstick foi clinical procedures 

Only one essential difference exists between the demands of statistical 
medicine and those of clinical medicine Statistical technic demands 
completeness of negative as well as of positive information for all items 
of sufficient importance to be considered a part of the disease syndrome 
In clinical medicine completeness is interpreted in terms of positive 
facts about the case, but notation of the bulk of negative obseivations 
IS Ignored The Ians of probability cannot be applied unless the true 

■’'From the Department of Biometry and Vital Statistics, School of Higiene 
and Public Plealth, Johns Hopkins Universitj, no 133, and from the Department 
of Jiledicine, Unnersitj' of Maryland 

■^The death of Dr Reed Rocknood occurred after this article was accepted 
for publication The loss of his scientific interest and realous cooperation m 
laboratory and clinical research problems is keenh felt by his co-workers 
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probabilities are known I£ all the negative observ'ations are not present, 
these true probabilities cannot be calculated 

In the writing of the historj* and ph)sical examination as it is 
earned on at the present time, practical difficulties arise to prevent the 
satisfactory' notation of negatiye observations The physician cannot 
and yvill not take the time to yvnte a list of negative ansyvers, conse- 
quently* it is almost hopeless to expect complete notation m the historj* 
and ph}sical examination as it is done today 

On the other hand many* valuable features of the clinical chart in 
Its present form must not be sacnficed for the completeness so desirable 
in an}* numencal anal} sis The ideal record for both clinical and 
statistical medicine must be individualistic and personal in character 
Questions in the history' must be asked m the proper sequence The 
notation of negatiye data should be so facilitated that it does not add 
a burden to the duties of the physician The record should be suffi- 
ciently elastic to meet all demands put on it, and it should yield 
information readily A single glance at the clinical record should 
suffice for the consultant to locate the particular item in yy'hich he is 
interested yvhile he is standing b} the bedside of his patient 

During the last }ear yve have developed a chart for general history 
and physical examination (fig 1) yvhich seems to fill the needs of 
both clinical and statistical mediane The chart has been filled out 
for the h}*pothetical diabetic record of Mrs H Broyvn, and this case 
yyill be used for illustratne purposes throughout the paper The 
chart has been deyised yy*ith a yueyv of conserving the physiaan’s time 
and effort and at the same time of obtaining a far more complete set 
of climcal data concerning the general case It has had the ady*antage 
of rather widespread general criticism and of detailed scrutiny from 
a number of ph}sicians When possible, every feasible suggestion yvas 
yyorked into the chart 

We do not expect that this record yvill prove satisfactory in all 
types of institutions In all probability, it y\*ill be too extensne for 
physicians to use in their pnyate practice or for dispensary* services 
We are at present yvorking on an abridgment suitable for both the 
pnyate physician and the dispensary The present chart yv*as devised 
lor the record of the patient in a hospital on the average hospital 
service The questions and notations represent our idea of a minimal 
requirement for a reasonabh complete routine clinical record in a 
hospital 

The form does not represent a complete s}stem of records There 
are many medical specialties such as e} e ear nose and throat, dentistry , 
obstetrics ps}chiatr}, neurology dermatology and others which are 
inadequate!} represented b} this chart The general history and plnsical 
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examination is intended to be the hub in a wheel of medical lecoids 
The records of specialties will dovetail into this general chait without 
overlapping, consequently, the items in the chart aie always in the 
form of leading questions and leading physical observations which, 
if positive, will suggest a special, more detailed examination 

It IS impoitant to note that the use of this chart does not curtail 
any type of liistoiy or physical examination in use at piesent There 
is sufficient writing space to expand the data whenever it is desirable 
In case insufficient blank space is allotted m the booklet, blank sheets 
may be inserted at any place, m fact it is considered highly desirable 
to expand the routine questions and notations Good records can be 
obtained only by amplification of positive answers and observations 

The entire first sheet of the history is occupied with routine facts 
customarily demanded in all histones If a specific institution has its 
own diagnosis sheet, it is not necessary to use the few lines allotted 
on this chart for that puipose, otheiwise the diagnoses are listed in 
this space 

The present illness is to be noted in chronologic older The loutine 
questions of the past and present illness (fig 1, pp 4 and 5) have been 
printed in the words which a physician uses in talking to his patient 
Whenever possible the necessity for definition of medical teims was 
avoided, since the phiasing of questions differently by various physicians 
would undoubtedly elicit a vaiiety of answers from the patient 

There are only thiee ways in which a given question can be checked 
The check mark means positive, the zero means negative and a question 
mark signifies unknown If a question is left blank, it is considered 
to be unasked Unasked questions defeat the purpose of the chart, 
which IS to gam completeness In ceitam places, the brackets list 
subquestions which do not have to be asked, foi example, under the 
lespiiatoiy system (fig 1, p 4), if the patient said he did not have 
tonsillitis or soie throat, it would be unnecessaiy to ask about the 
fiequency of attacks If the answers to the questions m an entire 
section should be negative, one zero written on the main section heading 
would indicate that the questions under all subheadings had been asked 
and the answers found to be negative For example, the genito-urmai v 
system (fig 1, p 5) is indicated in this mannei If the answers 
for any column of questions are negative, a zeio can be wiitten after 
the fiist and last question, and a straight line diawn between the zeros 
to show that those for all intervening items aie likewise negative For 
example, under lespiratory system (fig 1, p 4) all answers between 
nosebleed and night sueats inclusive aie indicated to be answered m 
the negative m this manner By means of these shoit cuts negative 
notations are reduced to a minimum 
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After each S 3 'stem, in both the histor}'- and ph}sical examination, 
the phj'sician is requested to interpret the sjnnptoms of the entire section 
in view of what significance these s)mptoms mean to him at the 
moment For instance, a number of observations on the heart were 
checked (fig 1, p 11), and the summary leads “Heart moderately 
enlarged, functional murmur ” 

The routine facts of the history are placed on page 6 The notation 
of the famil}, marital and menstrual histor} and of habits is self- 
explanatory Degrees 1, 2 and 3 signify mild, moderate and excessive, 
respectively Definition of the limitations of these degrees will not be 
attempted The}'' are qualitative measures and will be used as such 
The specific institution or physician using the chart may define degree 
as desired 

The last section in the history represents somewhat of an innovation 
It IS Avell lecognized that histones are not of the same quality or 
statistical value, consequently, the physician is requested to grade the 
history after he has finished writing it For example, m the record of 
Mrs H Brown, this section is marked zero, which indicates a satisfac- 
tory history 

The first page in the section on plnsical examination calls for the 
routine measurement of height and weight which is customary in most 
medical services at the present time If the patient is too sick to obtain 
his weight on admittance, this measuie ma} be filled m at a later date 
and the date noted in parenthesis Surface area is a computed constant 
and does not need to be recorded unless it is desired by the specific 
institution 

If the notation of an inteiii is checked by a consultant, it is possible 
for the latter to recheck the same chart with a different colored writing 
fluid When differences between the notes of the consultant and intern 
exist, the notes of the consultant should be accepted by the record 
department 

Several lines are allowed for the general description of the patient 
A considerable group of internists consider that such a statement is 
more important than any other item in the physical examination A 
terse description is requested which will be sufficiently accurate so that 
a visiting physician can select the patient among many others It forces 
the examiner to observe the patient as an individual 

Two pages are left for description of the principal abnormalities 
in the words of the examiner It would be ridiculous to assume, for 
example, that the checking of the routine observations on the heart 
would give a good picture of a disturbance of the heart A graphic 
detailed description of such an abnormality is indispensable In the 
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illustrated diabetic case of Mrs H Brown, it was not necessaiy to 
describe in detail any of the summarized principal abnoimalities (fig 
1, P 7) 

Before writing the results of the loutine j^hysical observations the 
physician will examine his patient from head to foot in the customaiy 
manner He will then sit down to check the chart All of the items 
listed are abnormalities, consequently, even if the physician does not 
have certain specific points m mind when he examines the patient, he 
recognizes the absence of such abnormalities He is able to scan the 
list, and frequently to answer entire sections without referring to the 
patient In case he overlooks the observation of a few items, it is 
reasonable to expect him to recheck these points 

As m the history, zero indicates a negative answer, a check mark 
a positive one, and a question mark, doubtful observations , there should 
not be any blanks or unanswered items Degrees are noted as 1, 2 
and 3, indicating mild, moderate and excessive, respectively 

The location of abnormalities m the spine, lungs, heart, abdomen, 
extiemities and skin is lequired The location of symptoms of the 
spine and skin is accomplished by a cross line drawn from the symptoms 
to the involved parts In the case of disease of die lungs, heait, 
abdomen and extremities, the location of symptoms is obtained by 
a line drawn from the symptoms to the diagram Foi example, the 
location of rales (fig 1, p 10) is noted on the diagram by a line from 
both bases posteriorly to the type of lales found m this location 

The clinical value of mensuration of the heait is a debatable question 
It was only aftei considerable discussion with heait specialists that a 
decision was made to require a measurement of the right and left bordei 
of caidiac dulness at the level of the second rib and apex These 
measuiements can be made m centimeteis by the scale printed on the 
edge of the sheet A sketch of the outline of the heait is desnable 
but cannot be expected as a routine notation Accentuation and diminu- 
tion of the heart sounds and heart murmurs must be located m respect 
to the aortic, pulmonic, mitral or tiicuspid areas 

Undei neurologic observations, the degrees 1, 2 and 3 have been 
extended to the negative side of normal, and signify diminished, mod- 
el ately diminished and absent reflexes, respectively 

The teim “sensitive achilles’ tendon” needs explanation Libman 
has shown that by deep, steady pressure over the styloid piocesses 
and b} noting the response of the patient, he has a rough measure 
of the reaction of the patient to unpleasant sensations This reaction 
forms an excellent guide to the evaluation of the symptoms concerning 
which the patient complains The response can be controlled by 
piessure over the mastoid bone which is not normally unpleasant 




l*ig 1 I'oriii for recording gencrnl history 'ind results of physic'll cx'iimu'ition This form is used ns n twelve pngc (six Icnf) booklet, by 
ii inches in si/c It is filled out with the illustrative ense record of Mrs H H Brown 
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Patients may show varying giades of in persensitn eness and hyposensi- 
tiveness One of us has tried this test and behe\es that it is important, 
but that for the aveiage patient it is better elicited by firmly squeezing 
the achilles’ tendon The amount of reaction on the part of the patient 
IS then noted on the chart b}-^ the numbers 1, 2 and 3 on the positive 
or negative side of noimal 



Fig 3 — Loose-leaf supplementar\ blank sheet, printed on both sides 


The primary impiession represents a summar} of the observations, 
both histor}^ and physical, aftei the first examination of the patient has 
been completed 

It will be noted that the chart has been cop} righted in the names 
of Dunn and Rockwood this vas done solely to protect it from com- 
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mercialization, and permission will be granted freely for any physician 
or medical institution to reprint it for professional pui poses 

The laboratory sheet (fig 2) is original m construction but not 
in content It does not demand special description It was formulated 
primarily with the intention of incorporating the cross-index feature, 
to be discussed later, into laboratory observations 

The blank sheet (fig 3) can be used to fill in for additional space 
at any part of the record 

The physical form of the chart has been planned with the following 
specifications 

1 The general history and ph 3 ’'sical examination are bound and 
printed together in the form of a twelve page booklet This booklet 
can be printed with binding margin at either the side or the end of 
the chart as desired The order of the sheets is the same whether the 
pages turn as in a book, or whether they are bound so as to open 
lengthwise 

2 The laborator)'' and blank sheets are printed on both sides as 
detached papers 

3 The entire form will be on letter-size paper, 8^ by 11 inches 
which IS the size suitable for the standard files of all hospitals 

4 In order to obtain the maximum efficiency m the mechanical 
handling of these charts, it is essential to have a unit number for each 
patient, and it is desirable to keep all records of the patient m a unit 
file rather than in a bound volume 

5 The lines throughout the chart are so spaced that double or 
triple space on all standard makes of typewriters will allow the type 
and printed lines to coincide 

6 The cheapest quality of paper Avhich can be used is a 24 pound 
basic ledger substance This paper is not regarded by paper manu- 
facturers as permanent since it has a low percentage of rag in its 
composition It is a better grade, however, than most of the paper 
used in the majoiity of hospitals at the present time To demand a 
more permanent papei would raise the entire question of the length 
of time which hospital records should be kept — a discussion beyond the 
scope of this publication 

7 The testing of this chart is now m progress at six hospitals It 
IS also being tried out by a number of physicians in their private 
practice In this trial the chart will be subjected to actual working 
conditions If it is possible to obtain completeness m the notation of 
all the required facts in the majority of cases without interference or 
handicap to the clinical routine, the chart will be considered successful 
There are many questions which must be answered before the material 
in these records can be analyzed with a maximum degree of efficiency 
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The vauation between obsei a ations of physicians with different degiees 
of medical experience, the variation in answers due to questions being 
purely subjective oi objective in chaiacter, the vaiiation in a given 
patient in his reaction to different physicians, in his answers under 
various diseases or mental conditions, and the variation of the patient 
on successive examinations , these and kindred questions must be 
answered before the reliability of the facts in the chart can be 
determined 

The points in favor of this form foi lecoiding the results of general 
history and physical examination may be summaiized as follows 

1 It IS just as individualistic as the types used by physicians at 
the present time foi recording the history and the results of physical 
examinations It sacrifices none of the sequence m disease events and 
none of the personal elements existing between the patient and the 
physician 

2 The chart definitely facilitates the notation of clinical facts 

3 It yields inf oi matron much moie readily than the piesent forms 
m common use because a given fact is located m a specified section 

4 The accuracy of the lecoid depends entirely on the competency 
of the physician The element of forgetfulness on the part of the 
examiner is practically obviated 

5 The chart will be more legible than if it were entnely in 
handwiiting 

6 The recoi d of the case is sufficiently elastic to meet most demands 
in modern medicine In case a given institution has a great many 
patients of a certain type it may be necessary to amplify this general 
form with a special printed sheet, giving the specific questions and 
observations desired, as, for example, one suitable for the record of 
a patient with diabetes, caidiac oi deimatologic conditions 

7 The record will be far more complete in respect to negative 
inf 01 matron than any existing type 

8 It should prove to be a consideiable aid m the tiaimng of students 
It will facilitate the oideily aiiangement of then clinical ideas, and 
will point the way to the ait of history taking, nhich involves the 
following up of leading questions and observations 

9 It will aftoid an opportunity for one to measure the variability 
in recorded facts due to the personal equation of the examiner or 
of the patient 

10 It will furnish adequate statistical mateiial for the clinician 
interested in the analysis of disease entities 

11 With all of these advantages, the time of recording the history 
and physical observations is reduced, as compared with present records 
of equivalent value 
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12 The adoption of a lecord form of this geneial type is essential 
if the physicians in a hospital hope to obtain an adequate cross-index 
of the contents of then records 

The technical features of the cross-index will now be considered 
in detail 

DESCRIPTION or MECHANICAL CROSS-INDEX 

A mechanical cross-index scheme has been woiked out for the 
clinical record just described It may or may not be used, as desired 
An attempt will not be made in this aiticle to describe the numerous 
systems of cross-index which are in use at the present time in hospitals 
throughout the country After a careful consideration of modern 
methods of tabulation, the mechanical punch-card system was selected 
as the best available tool to bring about a solution to the problems in 
the cross-indexing of hospital records 

Raymond Pearl first suggested the adaptation of a mechanical punch- 
card as a medical index method A detailed desciiption of his plan 
IS given in the original article ^ 

Although the system proposed by Pearl has an enormous advantage 
ovei any other developed in the past, owing to its elasticity and the 
mechanical handling of information, certain difficulties arise in the 
practical application of his plan 

1 The use of multiple secondarj cards complicates the indeK 

2 Multiple entries in the history and physical observations are frequently a 
desirable feature in the search for records 

3 The entire index is kept up in the form of a number of punch-cards in each 
case As records pile up in numbers, mechanical sorting, rapid as it is, will 
become a considerable chore when tens or hundreds of thousands of cards are 
manipulated Moreover, punch-cards Kept too long a time will wear out, become 
swollen from dampness and will jam in the machine 

4 The adaptation of the index plan depends on the rental of tabulating 
machinery bj^ all hospitals, the expense of which most small hospitals would find 
prohibitive 

Before describing the index system which we propose in connection 
with this record, it is desirable to list the needs which should be fulfilled 
by an ideal cross-index for hospitals The essential features are 
as follows 

1 The index should show the location of the record of any case desired by 
the physician within as brief a time as possible 

2 It should prevent the misplacement of records owing to multiple or ambigu- 
ou« diagnoses 

1 Pearl, Rajmond Modern Methods m Handling Hospital Statistics, Bull 
Johns Hopkins Hosp 32 184, 1921 
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3 It should permit the location of records bj the historj, physical and 
laboratory obseri ations, as well as by diagnoses 

4 It should fill the needs of a small hospital with about the same efficiency 
that It docs a larger one 

5 It should be adequate for departments of hospitals engaged m specialized 
branches of medicine 

6 It should be simple technicalh , in order to be kept by ordinary clerical help 

7 It must be economical 

Without checking over the good oi bad points of any paiticiilar 
system, it -would be generally admitted by physicians who have analyzed 
clinical lecoids that, at the present time, the existing methods of cross- 
index do not measuie up to all the features in the ideal system just 
enumerated 

A desciiption of the cross-index used in this chait may be divided 
into seven parts 

1 Description of a punch-card for general purposes 

2 Description of the special!}' printed punch-card used in the proposed index 

3 Description of the codes used m the index which are as follows code for 
diagnosis, for age, for sex and color, for outcome of case and civil state, for 
history , for height , for weight , for physical examination , for laboratory 
observations, and for miscellaneous items of interest 

4 Description of the technic of punching cards and what it means to the 
record department of the average hospital 

5 Description of the printed cross-index 

6 Estimation of the cost of a mechanical index system 

7 Summary of arguments for the mechanical cross-index 

DESCRIPTION or A PUNCH-CARD FOR GENERAL PURPOSES 

A punch-caid foi geneial pui poses is shown m figuie 4 This caul 
is b) 3j4 inches in size It is printed by both the Powers Accounting 
Machine Coipoiation and the International Time Recoidmg Compam, 
which aie the two pimcipal competitois in this field Holes have been 
punched m this caid by a machine which will be desciibed later There 
aie forty-five columns of numbeis on the card Each column luns 
fiom zeio to nine in value The small numbers at the bottom of the 
card represent the numbei of the column and are never punched 
Any one of the numbers fiom zero to nine can be punched in any one 
of the forty-five columns 

Oidmaiih , only one numbei is punched in a given column Although 
theie are only ten numbers printed in any given column, there are 
twelve possible positions that maj' be punched The eleventh position 
(also called the X position) has been punched in column 15 The 
tw'elfth position (also called the blank position) has been punched in 
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column 14 It is customary, but not essential, to reserve the twelfth 
position for unknown or negative information For instance, if column 
14 had been coded for racial distinctions and the twelfth position was 
punched, it would mean that the item of race had not been noted in 
that particular patient 

Occasionally it is desirable to punch two holes in the same column 
as demonstrated m columns from 30 to 34 This double punch com- 
plicates sorting and printing of the cards, but is permissible m certain 
instances as will be shown subsequently In referring thioughout 
the remainder of the description of this cross-index to any code division 
on the card, the column number will be given and then the punch 
number m the column for instance, in figure 4, various items vould 


(12= blank koy) 
(11= X ksy) 
•oooooooooo 
1 9 1 ' 1 1 1 1 1 1 • 

^222022223222 
33333 20 33 39 3 
44449444 4444 
5555 59 555955 
666666666666 
7 7 7 7 7 7 79 7 7 7 7 

888aa8888888 

9 9 9 9 9 3 9 909 3 9 

»234S.<r'»#9l6ll- 


000000000 0 0-0 0 ^0 O 0 000 ooooooocooooo 

1111 000 11111111110111111111117111 
222222202222222222222022222222222 
3333333303333333330303 000003 3 3 3 3 3 
444444444000444444444444444044444 
5555555555555555055555555555 05 555 
666666666666666066666666666666666 
77777777777777777777777777777 007 7 
888888888888880888888888888888880 
99999999999 900 99daS999999999'9999d 

|4 15 16 t !8 o Z\ 2 3 7 26 Z7 />!i 29 30 J1 32 i3 34 JS 36 37 35 39 <0 41 42 <3 44 4S 


Fig 4 — Punch card for general purposes 


be read as column 8, no 7 , column 14, no blank, column 15, no X, 
column 30, nos 0 and 1 , column 33, nos blank and 3 , column 34, nos 
X and 2, and so on 


DESCRIPTION or THE SPECIALLY PRINTED PUNCH-CARD 
USED IN THE PROPOSED INDEX 

The blank card illustrated in figure 4 can be printed and designed 
to fit any desired purpose of tabulation Figure 5 represents the punch- 
card printed for the proposed mechanical cross-index Figure 6 repre- 
sents the same card which has been punched to represent the coded 
information found in the illustrative chart of Mrs H Brown noted 
in figure 1 The first six columns indicate the case number of the 
chart Case number 1 would be punched as 000001 in columns 1, 2, 
3 4, 5 and 6, respectnely The record number of Mrs H Brown, 
67190 IS punched as 067190 in the first six columns The highest 
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numbei which can be recorded is 999999 and allows, therefore, for a 
tabulation of that many separate patients 

Columns from 7 to 21 are set aside for diagnoses Three columns. 
7, 8 and 9, aie allotted for the first diagnosis and two columns each 
are allowed for the remaining diagnoses The first column m each 
diagnostic field, namely, 7, 10, 12, 14, 16, 18, and 20 can be double- 
punched “ In each of these first columns the blank position represents 
1, the X position 2, and the zero position 3 m units of 10 It is possible 
by this means to indicate forty numbers in one column The number 
zero will be indicated if a hole is not punched in the column, and 
numbers from 1 to 9 if the printed numbers from 1 to 9 are punched 
If the blank position is punched, it will signify code no 10 The 
numbers from 11 to 19 will be indicated by a double punch, namely, 
the blank position for the 1 in units of 10 and the propei unit number 



Fig 5 — Punch card printed as an index card for the general medical exami- 
nation 

from 1 to 9 , no 20 by a single punch m the X position which represents 
2 in units of 10, nos 21 to 29 by a double punch, one of which is 
the X position representing 2 in units of 10 and the other the proper 
unit number from 1 to 9 , no 30 by a single punch in the zero position 
which stands for 3 in units of 10 and numbers from 31 to 39 b}, a 
double punch, one of which is the zero position representing 3 in units 
of 10 and the othei the proper unit number from 1 to 9 

The second column in each diagnostic field is punched m one position 
only Eleven positions may be indicated in this column which are, 
respectively, the blank position, 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 It is 
possible, therefore, to code into hundreds in each two-column field for 
am given diagnosis The numbers would read serially as 00-blank, 

2 In order to accord with the virmg possibilities of the printing tabulator 
onlj tuenti-fiie columns can be double-punched We ha^e taken ad\antage of 
e\ erj one of these possibilities in the proposed cross-index card 
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000, 001, 002, 003, 004, 005, 006, 007, 008, 009, 01-blank, 010, Oil, 012 
etc , lip to the highest number which would be 399 Counting the 
blanks and zeros as separate numbers, this code permits the dnision 
of each diagnostic field into forty major headings m the first column 
with a subdivision of each of these into eleven subsidiary units in the 
second column The total number of items which it is possible to list 
in the two-column field by this process is 440 

A sun'^ey made in several hospitals shows that usually in about 80 
per cent of the case records there is only one diagnosis Multiple 
diagnoses up to four are fairly common, and over seven extrenielv 
unusual The first diagnosis, columns 7, 8 and 9 has a third column, 
no 9, which permits the subdivision of each of the 440 items in the 
first two columns into eleven subsidiary units allowing for 4,840 items 
m the code of the first primarj'- diagnosis 



Fig 6 — An index card for the general medical examination, which has been 
punched for the illustrative diabetic record of Mrs H Brown, noted m figures 
1 and 2 


If there should be multiple diagnoses of eight or more numbers 
for any given hospital record, the code number of these diagnoses 
should be written m ink on the back of the card Anj caid which 
has been punched for seven diagnoses must be examined for written 
code numbers on the back It is estimated that this event should not 
occur more than once in t%\o or three hundred times 

In the record of Mis H Brown, illustrated in figure 1 theie are 
seven diagnoses These diagnoses with their respective code numbers 
are as follows (1) diabetes-mellitus (6 blank), (2) obesity (60), 
(3) diabetic acidosis (63) , (4) general arteriosclerosis (80) 

(5) h 3 'pertension (81), (6) chronic constipation (124) and (7) hem- 
orrhoids (126) 


’AuptTT 
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The diagnostic code has not been filled out to thousands and, conse- 
quently, the thud column m the first diagnosis is left unpunched The 
code number of diagnosis 1 (6 blank) is punched in columns 7 and 8, 
that of diagnosis 2 (60) in columns 10 and 11, of 3 (63) in columns 
12 and 13, of 4 (80) in columns 14 and 15, of 5 (81) in columns 
16 and 17, of 6 (124) in columns 18 and 19, and of 7 (126) in 
columns 20 and 21 

The next four columns of the punch-caid fiom 22 to 25 lepresent 
the items of age, sex, coloi, outcome and civil state Age is coded m 
columns 22 and 23, sex (male or female) and color (white oi black) 
in column 24, outcome (well, impioved, same, woise oi dead) and 
civil state (single, married, widowed, divorced oi separated) in column 
25 For example, the age of Mrs H Brown (fig 6) is indicated as 
49 111 columns 22 and 23, the sex (female) and coloi (white) are 
coded as no 2 in column 24, and civil state married and outcome 
impioved by code no 7 m column 25 

The mam divisions of the histoiy occupy foui columns fiom 26 
to 29, each is double-punched, using the blank key as 1, the X key 
as 2 and the zero key as 3 in units of ten By this means, numbeis 
up to forty can be indicated m the same manner as described foi the 
fiist column of each diagnostic field Column 26 lepiesents past illnesses 
including abnormalities in the weight cuive (fig 1, p 6) , 27, the 
lespiiatoiy, ciiculatoiy and gastio-intestinal systems, 28, the genito- 
uiinaiy and neivous system, and column 29, the routine histoiy and the 
clinician’s opinion of the accuracy of the histoiy 

Only thirty-one numbers of the possible foity aie used in each 
one of these columns Each of the thnt}-one numbeis repiesents an 
abnoimality oi combination of abnormalities It is possible to list 
five separate items or any combination of these five items by use of the 
combination code printed on the histor}’’ (fig 1 p 4) The past illness, 
foi instance, is divided into five subdivisions If any one of the diseases 
fiom typhoid to scailet fevei has been checked in the past illness, no 
1 IS marked as positive If the patient has bad syphilis, gonorrhea 
or a histoiy of abnormal weight cune (p 6),® no 2 is checked, if he 
has had a majoi operation or accident, no 3 , a nose or throat opeiation, 
no 4, and if theie is some impoitant item m the miscellaneous, not 
included in the loutine list of past illnesses, no 5 is checked 

3 The code position of the weight cur\e is placed with past illnesses, while 
its chart position naturally falls after the routine question by systems It represents 
the onh dnergeiice in the arrangement bs order between the index code and the 
printed chart 
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If the patient has only one of these five conditions, for instance 
no 2, the coded number would be identical to the number checked on 
the chart If, however, he had items 1, 2 and 4 checked, this combination 
Avould be indicated by code no 17 in column 26 of the index card 

In figure 1 code no 26 is punched in column 26 representing positive 
observations in the past illness in items 1, 2, 3 and 4 Likewise, code 
no 17 m column 27 represents positive observations in items 1, 2 and 4 
Body height, grouped by classes, is given in column 30, and body 
weight, also by classes, in column 31 Mrs H Brown has a stature 
of 64 inches (162 56 cm) represented by code no 7 m column 30, 
and a body weight of 160 pounds (74 4 kg ) indicated by code no 7 
in column 31 

The physical examination occupies eight columns, from 32 to 39, 
each one of which is double-punched, so that it can represent numbers 
up to 40 All of the code numbers in the physical examination stand 
for abnormalities In column 32, abnormalities of the head and face 
are noted , 33, of the mouth and throat , in 34, of the neck, spine and 
thorax, in 35, of the chest and lungs, in 36, of the heart, in 37, of the 
vessels and abdomen , in 38, of the extremities and neurologic symptoms 
and 39, of the lymph nodes, skin, genitalia, rectum and abnormal psyche 
Abnormal laboratory observations are indicated in columns 40 to 43 
Columns 44 and 45 have been set aside for miscellaneous conditions 
and may be assigned in any way desired by a specific institution We 
suggest a certain arrangement which may or ma} not be followed In 
this arrangement, foui conditions are coded in column 44 which might 
exist in any diagnosis or any case, namely, autopsy, major operations, 
minoi operations and previous admissions This leaves a fifth blank 
space for some special interest still unassigned Column 45 could be 
reserved for the indication of the principal sennce on which the patient 
was treated Many hospitals would not desire to make such a distinction 
between their records 

DESCRIPTIOX OF CODES USED IX THE INDEX 

Code fo) Diagnosis — A^arious codes for diagnoses, particularly the 
international code of death and the morbidity code used by the United 
States Nav 3 % were scrutinized with a view to molding them into a 
code foi diagnosis to be used in hospitals W e found all of these codes 
undesirable for general use in a hospital, the principal objection to 
them IS that they have been formulated in a fixed, inelastic manner 
The purpose of the diagnostic code for hospital use is to facilitate the 
location of records The coding of diagnoses to a degree of minutiae 
that involves the recording of isolated individual cases will defeat the 
essential purpose of the code, namely, speed in the search for required 
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records The code must be elastic if it is to fill the needs of \anous 
Upes of institutions For example, a hospital for the treatment of 
patients luth a disease of the e}e will need a complete code for obsena- 
tions on the eye, and nothing but the major headings m most of the 
other groups The tuberculosis sanatorium w ill need detailed questions 
on the diagnosis of the chest and the obstetric department a special 
amplification on obstetric complications 

The code for diagnosis represents a skeleton outline on which any 
institution may build its respective diagnostic interests Each item 
which has been entered in the outline, both major headings and subdi- 
visions, has been selected after a surve> of numerous hospital reports, 
and entered in the code only if a widespread occurrence of that partic- 
ular diagnosis exists and if it represents a significant proportion of the 
total number of patients treated m a hospital 

It IS to be noted that there are six major divisions in this code wdiich 
ha\e been left unassigned so that any institution may indicate as a 
major interest some unusual local activity Likewise, there are two 
or three unassigned subdivisions under each major division It is 
important to note, also, that the last major heading is reserved as a 
miscellaneous group for those diagnoses w'hich do not fit in any of the 
other groups The last subdivision under each one of the major head- 
ings IS reserved as a miscellaneous section A good rule to follow 
in the development of a practical code for diagnosis is always to keep 
the miscellaneous groups below’ 5 per cent of the total number in its 
particular section If some element causes the miscellaneous column 
to mount above this 5 per cent limit, it should be separated from 
the miscellaneous group and placed in the code as a separate element 
The code for diagnosis, therefore, is onl} an outline around which 
a particular selection of items should be arranged which will best 
suit the needs of the institution using the code 

Code for Diagnosis 

0 blank to 29 Communicable diseases (except 2 blank to 49) 

0 (blank) Diphtheria 

00 D>sentcr\ (including all forms ot ameb.asis) 

01 Erjsipelas 

02 Feiers of unknown origin 

03 Gonococcus infections 

04 Influenza 

03 Malaria 

05 Measles 

07 Mumps 

OS Ml coses (diseases caused b^ fungi) 

09 Parasites and parasitic insects (diseases due to including scales, 

pediculosis chiggers and others) 
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10 Protozoa (diseases due to, with the exception of malaria, amebiasis 

and s>phihs) 

11 Pertussis 

12 Pneumococcus infections and other pneumonias 

13 Rheumatic fe\er 

14 Septicemia 

15 Tj'phoid fe\er 

16 Diseases of the upper respiratory tract 

17 Varicella 

18 Variola 

19 Vincent’s angina 

20-28 Blank 

29 Miscellaneous 

2 blank to 39 Syphtlts 

3 (blank) Diagnosis b}' serology and otherwise not clinical 

30 Earlj' infections 

31 Late infections of central nervous system 

32 Late infections of Aascular 53 stem 

33 Late infections of skin and mucous membranes 

34 Late infections, visceral 

35 Congenital infections 

36-38 Blank 

39 Miscellaneous 

4 blank to 49 Tubci culosis 

4 (blank) Pulmonary 

40 Bone and joints 

41 Lj^mphatic system 

42 Gastro-mtestinal tract and peritoneum 

43 Genito-urinar 3 s\stem, both male and female 

44 Skin and mucous membranes 

45-48 Blank 

49 llliscellaneous 

0 blank to 59 Neoplasms 

5 (blank) Benign growths 

50 Carcinomas of gastro-intestinal tract 

51 Carcinomas of female reproductive organs (including breast) 

52 Carcinomas of skin and mucous membranes 

53 Miscellaneous carcinomas 

54 Sarcomas 

55 Other tj'pes of malignant tumors 

56 Tumors the tjpe or malignancy of which is in question 

57-58 Blank 

59 Miscellaneous 

6 blank to 69 Metabohe and deficiency diseases 

6 (blank) Diabetes mellitus 

60 Obesity 

61 Undernutrition (including starvation) 

62 Dietar} deficiencies (including rickets) 

63 Acidosis and alkalosis 

64-68 Blank 

69 Miscellaneous 
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7 bUinL to 79 Diseases of blood and blood forming oigans (except 3 blank to 59) 

7 (blank) Anemia (including primarj, secondarj, hemorrhage and others) 

70 Leukemias and Hodgkins 

71 Purpura and hemorrhagic diseases of the new-born 

72 Splenomegalies 

73 Abnormal constituents of blood used as diagnoses 

74-78 Blank 

79 Miscellaneous 

6’ blank to S9 Diseases of vasciilat and lymphatic system (except 3 blank to 59) 

8 (blank) Aneurism and aortitis 

80 '\rtcnosclerosis and senility (except 240) 

81 Hypertension and hypotension 

82 Phlebitis, thrombosis and \ancosities 

83 All other diseases of arteries 

84 All other diseases of veins 

85 Diseases of bmphatic system (including lymph nodes and thjmus) 

86 Vasomotor and trophic disturbances 

87-88 Blank 

89 Miscellaneous 

9 blank to 99 Dinaxcs of heat I (except 13, 14, 3 blank to 59 21 blank, 211 and 

27 blank) 

9 (blank) Diseases of myocardium (including mjocarditis, myocardial insuf- 

ficiency, cardiac pain and others) 

90 Diseases of pericardium (including pericarditis, adherent peri- 

cardium) 

91 Diseases of endocardium (including endocaiditis, valvular lesions, 

acute and chronic) 

92 Cardiac failure from any cause 

93 Arrhythmias 

94 Cardiac neuroses and iieurocirculatory asthenia 

95-98 Blank 

99 Miscellaneous 

10 blank to 109 Diseases of nose, tiuoat, mouth and phaiynx (except 0 blank, 04, 

06, 07, 11 16 19, 3 blank to 59 and 27 blank) 

10 (blank) Diseases of nose and accessory sinuses 

100 Diseases of tonsil and adenoid tissue 

101 Dental, gingual conditions and lips 

102 Diseases of tongue, salivary glands and palate 

103 Diseases of pharynx 

104-108 Blank 

109 kliscellaneous 

11 blank to 119 Diseases of esophagus, stomach and duodenum (except 3 blank 

59 and 27 blank) 

11 (blank) Diseases of esophagus, stomach and duodenum 

110 Abnormal stomach contents including obser\ations on acidity 

111 Peptic ulcer 

112 Functional dyspepsias of all types 

113 Other diseases of stomach 

114 Other diseases of duodenum 

115-118 Blank 

119 Miscellaneous 
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12 blank to 129 Diseases of vitcslines, colon, rectum, anus, pentoneum and 
abdominal vtsccia (except 00, 09, 10, 15, 3 blank to 59 and 27 
blank) 

12 (blank) Appendicitis (acute and chronic) 

120 Obstruction and perforation (including ileus) 

121 Enterocolitis (acute and chronic) 

122 Diseases of peritoneum 

123 Ascites and adhesions 

124 Constipation 

125 Diarrhea 

126 Local rectal and anal conditions (including fistulae, fissures and 

hemorrhoids) 

127 Diseases of gallbladder and biliary tract (including cholecj stitis 

and cholelithiasis) 

128 Diseases of liver 

129 Jaundice 

130 Diseases of pancreas (except 6 blank) 

131 Diseases of spleen (except 72) 

132-138 Blank 

139 Miscellaneous 

14 blank to 149 Diseases of respiratory system (except 0 blank, 04, 11, 12, 16, 

19, 3 blank to 59) 

14 (blank) Diseases of larjnx 

140 Diseases of bronchi (such as bronchitis, bronchiectasis) 

141 Bronchial asthma and haj -fever 

142 Foreign bodies 

143 Diseases of pleura (such as pleuris>, thickened pleura and 

empjema) 

144 Other diseases of lungs 

145-148 Blank 

149 Miscellaneous 

15 blank to 169 Diseases of urinary tract (except 03, 3 blank to 59 and 27 blank) 

15 (blank) Nephritis 

150 Uremia 

151 Pjelitis and pj elonephntis (including h\ dronephrosis and 

stricture) 

152 Cystitis 

153 Other infections and fistulae m urinary tract (including peri- 

nephritic abscess) 

154 Abnormalities of urine used as diagnosis 

155 Disturbances in flow of urine (such as enuresis, anuria) 

156 Other disturbances of kidnev 

157 Other disturbances of ureter 

158 Other disturbances of bladder 

159 Other disturbances of urethra (except gonorrhea) 

16 (blank) Postoperative conditions 

160-168 Blank 

169 Miscellaneous 

77 blank to 179 Diseases of male reproductive system (except 03, 2 blank to 59 
and 27 blank) 

17 (blank) Diseases of epidydimis and spermatic cords 

170 Diseases of testis (including orchitis) 



525 


D U A' N~ROC KIV 00 D— RECORD SYSTEM 

171 Diseases of scrotum (such as Indrocele, varicocele, sperma- 

tocele) 

172 Diseases of perns (such as redundant prepuce, chancroid) 

173 Disease of prostate and seminal vesicles (such as prostatic 

hjpertrophv, prostatitis, periprostatic abscess) 

174 General (including impotence, premature ejaculation, neuroses) 

175-178 Blank 

179 Miscellaneous 

18 blank to 189 Diseases of female ‘icpiodnchvc ^yUein (e\ccpl 03, 3 blank to 59 
and 27 blank) 

18 (blank) Diseases of vagina and genitalia 

180 Diseases of uterus 

181 Diseases of tubes 

182 Diseases of ovaries 

183 Abnormalities of pelvic floor 

184 Pelvic peritoneum (including inflammation, adhesions, abscess 

and others) 

185 Abnormalities in menstruation 

186 General (including neuroses) 

187-188 Blank 

189 Miscellaneous 

IP blank to 199 Spceial abnoimahttes ot diseases associated with piegnancy 
(except 14, 3 blank to 59 and 26 blank to 269) 

19 (blank) Abnormal pelvis 

190 Normal pregnancy 

191 Toxemias of pregnancy (including pernicious vomiting, 

eclampsia amid others) 

192 Abortions and premature labor 

193 Complications of labor 

194 Complications of puerperium 

195-198 Blank 

199 Miscellaneous 

20 blank to 209 Diseases of skin, liaii and nails (except 0 blank, 01 to 03, 06 to 
10, 14, 15, 17 to 19, 3 blank to 59, 82 to 86, 21 blank to 219, 264, 
27 blank and 28 blank to 289) 

20 (blank) Cocogenous infections (including impetigo, ecthyma, furuncles, 

carbuncles, abscess, folliculitis, sjcosis vulgaris and acne 
vulgaris) 

200 Toxic dermatitis (including toxic erythemas, erjthema mul- 

ti forme, erythema nodosum, urticarias, occupational der- 
matitis, drug sensitizations) 

201 Mycoses, tricophyton group (including favus, versicolor, 

epidermamycosis) 

202 Inflammatory diseases (etiology unknown or uncertain, includ- 

ing psoriasis, pityriasis rosea, eczemas, lichen planus, herpes 
zoster, herpes simplex, pemphigus, seborrhea) 

203 Hypertrophies and atrophies (including clavus, callositis, 

verruca, ichthyosis, vitihgo, keloid) 

204 Dermatitis venenatas and dermatitis of external causes (includ- 

ing plants in general, paints, phosphorus and roentgen ray or 
radium) 

205-208 Blank 
209 Aliscellaneous 
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21 blank to 219 Diseases of ductless glands ei elusive of spleen (except 3 blank 

to 69 and 17 blank to 189) 

21 (blank) Hj perthj roidism (including goiter, toxic adenomas, th 3 'roiditis) 

210 Mjxedema, cretinism and low basal metabolic rates 

211 Simple and colloid goiters 

212 Diseases of pituitary 

213 Other endocrine disturbances 

214-218 Blank 

‘ 219 Lliscellaneous 

22 blank to 229 Diseases of eye (except 03, 06, 3 blank to 59, 264 and 27 blank) 

22 (blank) General 

220 Lids and lacrimal apparatus 

221 Conjunctiva 

222 Cornea (such as pterjgium) 

223 Anterior chamber and sclera 

224 Errors in refraction 

225 Lens retina and optic ner^e (such as vision blindness, optic 

neuritis) 

226 Uveal tract, ins, ciliar\ bodj, choroid and vitreous 

227 Ej'eball, orbit, disturbances of motion 

228 Blank 

229 Miscellaneous 

23 blank to 239 Diseases of car (except 3 blank to 59, 264 and 27 blank) 

23 (blank) General 

230 Auricle 

231 External and auditorj canal 

232 Eustachian tube 

233 Middle ear and mastoid cells 

234 Internal ear — semiarcular canals 

235 Internal ear — cochlea 

236 Special disturbances m hearing 
237-238 Blank 

239 ^Iiscellaneous 

24 blank to 259 Diseases of ncizous sxstcni (except 0 blank to 59 and 26 blank 

to 269) 

24 (blank) ilultiple sclerosis 

240 Arteriosclerosis of the central nervous sj'stem 

241 Congenital and familial disease 

242 Progressiie muscular dj^strophj and mjasthema gravis 

243 Hyperkinetic diseases (such as chorea, paralysis agitans, tics, 

epidemic encephalitis) 

244 Head injuries in-vohing brain 

245 Spinal injuries involving cord 

246 Neuralgias and neuritis 

247 ^Migraine 

248 Epilepsj and epileptiform con\ulsions 

249 Other general diseases of central ner\ous system 

25 (blank) Other diseases ot meninges 

250 Other diseases of brain 

251 Other diseases of cranial nerves 

252 Other diseases of peripheral nerves 
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253 Other diseases of spinal cord 

254-258 Blank 

259 ^Miscellaneous 

26 blauK to 269 Abnormal mental conditions 

26 (blank) Organic conditions (except 3 blank to 39 and 24 blank to 259) 

260 Dementia praecox group 

261 Manic depressive group 

262 Mental deficienc}' 

263 Constitutionally psychopathic personalities 

264 Minor psychoses (including hysterias, traumatic and occupa- 

tional neuroses, except 94, 112, 174, 186) 

265 Environmental maladaptations (including all tjpes of mental 

conflicts) 

266 Symptomatic conditions (including deliriums and coma) 

267-268 Blank 

269 Iiliscellaneous 

27 blank to 279 Constitutional and developmental abnoi malitics 

27 (blank) Congenital abnormalities (except 32, 35, 241) 

270 Defective physical development 

271 Fetal monstrosities 
272-278 Blank 

279 Miscellaneous 

2S blank to 289 Environmental causes of injuiy and disease 

28 (blank) Physical environmental conditions (including heat, sun, expo- 

sure, light, dust and humidity) 

280 Poisonings (including food, drugs, serum sickness) 

281 Alcoholism and drug addiction 

282 Wounds, abrasions, contusions, bruises, sprains 

283 Dislocations 

284 Fractures 

285 Burns 

286-288 Blank 

289 Miscellaneous 

29 blank to 299 Bones, muscles, fascia and locomotoi system in genet al (except 

03, 14, 3 blank to 59, 28 blank to 289 and 31 blank to 319) 

29 (blank) Bone deformities (including osteomyelitis, periostitis and others) 

290 Bone diseases (including osteomyelitis, periostitis and others) 

291 Other bone abnormalities and diseases 

292 Diseases of joints (including arthritis and ankjlosis) 

293 Diseases of muscles (except 242) 

294 Diseases of fascia and tendons (including cellulitis) 

295 Diseases of bursae 

296-298 Blank 

299 Tiliscellaneous 

30 blank to 309 Miscellaneous medical conditions or diseases 

UNASSIGKED 

31 blank to 319 Miscellaneous surgical conditions or diseases 

31 (blank) Inguinal and femoral hernias 

310 Other tjpes of hernias 

311 Gangrenes, all tjpes 
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312-318 Blank 

319 kliscellaneous 

22 blank to 229 Special pcdiatnc and chtld-zaelfai c conditions 
32 (blank) Stillborns 
320-328 Blank 
329 Miscellaneous 

22 blank to 289 (Sir nnassigned maioi subdivisions) 

29 blank to 299 Miscellaneous 

39 blank to 398 Blank 

399 Miscellaneous 

In case most of the records of an institution belong to some special 
service, it would be desirable to code this particular section of the 
diagnostic code to the third column For example, let us consider a 
set of records made up of dermatologic patients The special section 
for skin is from 20 blank to 209 Each of these eleven headings 
can be subdivided by the third column into ele\ en subheadings, making 
one hundred and twenty-one possibilities in this section But derma- 
tologic observations ivould also be listed m other sections of the 
diagnostic code one or two under 0 blank , about five under 01 , from 
five to eight under 09 , eleven under 33 , eleven under 44 , eleven under 
52, from five to ten under 21 blank to 219, fiom ten to twenty 
under 27 blank to 279, ele^en under 282, ele^en undei 285 and eleven 
under 311, a total of at least 200 subdivisions 

There are six major headings, 33 blank to 389, which are unassigned, 
eacli containing 121 possible entries Any or all of these could be 
used for dermatolog)’’ if desired By this means the diagnostic code 
has been kept elastic, permitting the assignment of code divisions 
according to the major interests in the hospital 

Code foi Age — The code for age occupies columns 22 and 23 
Birth IS represented by 00 and the years from 1 to 98 by the identical 
number on the card Number 99 indicates 99 years and over Column 

23 IS used a second time for age in the first vear by the blank position 
being punched instead of the zero in column 22 This distinguishes 
the unit numbers from 0 to 9 in column 23 as to whether they are 
preceded by a zero or a blank The first v ear of age is coded as follows 
blank 0, under 1 week of age, except new-born, blank 1 from 1 to 
2 weeks, blank 2, 2 to 3 weeks blank 3, 3 weeks to 1 month, blank 
4, 1 to 2 months , blank 5, 2 to 3 months , blank 6, 3 to 4 months , blank 
7, 4 to 6 months, blank 8, 6 to 9 months, and blank 9, from 9 to 
12 months 

Code jot Sex and Color — ^The code for this is indicated in column 

24 Male wdiite is indicated by 0 male black by 1 female white by 2, 
female black by 3, and information on sex or color unknown or not 
recorded by 4 
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Code fo) Cit'd Stoic and Outcome — In order to save space, it was 
necessary to code civil state and outcome together in column 25 by a 
combination code Both cuil state and outcome are divided into three 
parts Code no 0 signifies outcome well, civil state single, no 1, 
outcome w^ell, civil state married, no 2, outcome w^ell, civil state 
dnorced, widowed or separated, no 3. outcome dead, civil state single, 
no 4, outcome dead, cuil state married, no 5, outcome dead, civil state 
divorced, wudowed or separated, no 6, outcome improved, same or 
worse, cnil state single, no 7, outcome impioved, same or worse, civil 
state married, no 8, outcome improved, same or wmrse, civil state, 
divorced, widowed or separated The code number for column 25, 
therefore represents one of the nine possible combinations betw^een 
the tw'o Items of outcome and civil state In the illustrative diabetic 
case, civil state is recorded as mariied, outcome improved, and it 
therefore is indicated by a code number 7 in column 25 

Code foi Histoiy, Columns 26 to 29 — The code for the history is 
as follows 

(a) Past illness column 26 (including weight cur\e fig 1 p 6) I, tjphoid to 
scarlet fever, 2, siphilis and gonorrhea and abnormal weight curve, 3, accidents 
and operations , 4, operations on the nose and throat , 5, miscellaneous past illnesses 
not included in 1 to 4 

(5) Respirator}, circulator} and gastro-intestinal s} stems, column 27 1, 

respiratory s} stem , 2 circulator} system , 3, gastro-mtestmal system, — appetite to 
jaundice, 4, gastro-intestinal S}stem, remaining items, 5, miscellaneous items for 
respiratory, circulator} and gastro-intestinal s} stems, not listed under 1 to 4 

(c) Genito-urmar} and ner\ous s} stems, column 28 1, Gemto-urmary S}S- 

tem, 2, nervous sjstem, sense of exhaustion to mental conflicts, 3, nervous system, 
ear, 4, nenous s}stem, e}e, 5, miscellaneous under genito-urinary and nervous 
s} stems not included in 1 to 4 

(d) Family histor}, marital histor}, menstrual histor}, habits and inaccuracy 
of histor}, column 29, 1, famih histor} , 2, marital history, 3, menstrual history, 
4, habits, and 5, inaccurac} of histor}’ 

Code foi Body Weight — Bod\ height is coded m niches m column 
30, blank, unknown. 0, under 24, 1, from 24 to 29, 2, 30 to 35, 3, 36 
to 41 , 4, 42 to 47, 5, 48 to 53 , 6, 54 to 59, 7, 60 to 65 , 8, 66 to 71 
and 9 72 and o\er ]\Irs H Brown had a height of 64 inches indicated 
b} a code number of 7 in column 30 

Code foi Body eight — The code for bodv weight is indicated in 
column 31 m pounds, blank unknowm 0, under 20 1, from 20 to 39, 
2 40 to 59, 3, 60 to 79 4 80 to 99 5, 100 to 129, 6, 130 to 159 
7 160 to 189, 8 190 to 219 and 9 220 and oier Mrs H Erowm 
had a bodi weight of 160 pounds which is indicated bv a code number 
of 7 in column 31 
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Code foi Physical Exammation, Columns fiom 32 to 39 — The code 
foi the phjsical examination follows 

(a) Abnormalities in temperature and abnormalities of the head and face 
are coded in column 32 1, temperature, 2, head and face, hair to eyes, 3, head 

and face, ears , 4, head and face, nose and jaw, and 5, miscellaneous under head 
and face not listed under 2, 3 and 4 

(ft) Abnormalities of the mouth and throat, column 33 1, lips, gums and 

teeth , 2, tongue, palate and pharynx , 3, tonsils , 4, larjmx, and 5, miscellaneous 
under mouth and throat, not included in 1 to 4 

(c) Abnormalities of the neck, spine and thorax, column 34 1, neck, 2, 

spine, 3, general respiratory tract and breast, 4, inspection of thorax, and 5, mis- 
cellaneous items under neck, spine and thorax, not included in 1 to 4 

(d) Abnormalities of the chest and lungs, column 35 1, inspection, 2, tactile 

fremitus and percussion, 3, abnormal breath sounds, whispered voice and spoken 
voice, 4, rales and friction rub, and 5, miscellaneous under chest and lungs not 
recorded in 1 to 4 

(e) Abnormalities of the heart and rate of heart, column 36 1, inspec- 

tion and palpation, 2, percussion and abnormal outline of heart, 3, auscultation, 
4, rate of heart at apex and pulse, and 5, miscellaneous abnormalities of heart not 
listed under 1 to 4 

(/) Abnormalities of the vessels and abdomen, column 37 1, vessels, 2, inspec- 
tion of abdomen, 3, palpation of tenderness, rigidity and abdominal organs, 4, 
palpation of mass and inguinal rings, and 5, miscellaneous under abdomen not 
included m 1 to 4 

(gf) Abnormalities of the extremities and neurologic symptoms, column 38 

1, club digits to varicose ulcer, 2, motor, 3, joints, 4, neurological, and 5, mis- 
cellaneous under extremities and neurological not included in 1 to 4 

(/i) Abnormalities of the lymph nodes, skin, genitalia, rectum and psyche, 
column 39 1, Ijmph nodes, 2, skin, 3, genitalia, 4, rectum, and 5, psyche The 

miscellaneous of the various groups in this section are included with the respec- 
tive subdiMSions 

Code foi Laboi aioi y OhseivaUons, Columns 40 to 43 — The code 
of laboratoiy observations follows 

(a) Abnormalities in the examination of urine, blood, Wassermann reaction, 

spinal fluid, sputum, throat culture, blood culture and Widal, column 40 1, 

indicates urine, 2, blood from hemoglobin to white blood cell count, 3, blood 
from platelets to comment , 4, Wassermann and spinal fluid, and 5, sputum, throat 
culture, blood culture and Widal 

(b) Abnormalities of the following, column 41 1, signifies blood chemistry, 

2, basal metabolic rate and electrocardiograph report , 3, cystoscopic and phthalein 
examination, 4, proctoscopic, stool and fractional test meal, and 5, examination 
of the ear, nose and throat 

(c) Abnormalities of roentgen-rav and dental exammation, column 42 
1, roentgen-ray examination of the head, neck and thorax, 2, of skeleton spine, 
extremities and pelvis , 3, of gastro-intestinal tract , 4, of abdominal viscera, 
urinary system and miscellaneous, and 5, dental exammation, including roentgen- 
ra} of teeth 
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(rf) '\l)normahtics in examination of the 030 and miscellaneous laboratorv 
tests, column 43 1, examination of tlic eye, 2 and 3, laborator 3 tests, beginning 

u itli letters a to 1 , 2, normal , 3, abnormal , and 4 and 5, laborator}' tests, m to z , 
4, normal , 5, abnormal 

There ate piobably fiom 100 to 200 miscellaneous laboiatoiy tests 
It IS considered desirable to split tins total ntimbei into two paits, 
and this is accomplished alphabetically The first letter in the technical 
name of the test is used for the puipose Foi example, if a patient 
should have a sugai toleiance test that was abnoimal it would be coded 
as item 5, column 43 If the test was noimal. it would be repiesented 
by code no 4 

Code foi Mnccllaiicous, Columns 44 and 45 — Columns 44 and 45 
peiinit space foi listing ten abnormalities in which the institution 01 
the physician is especiall} inteiested We suggest the folloiving uses 
for these fwo columns 

In column 44, 1, signifies autopsy, 2. a major operation, 3, a miiioi 
opeiation on the nose 01 thioat 01 a dental exti action, and 4, pievious 
admissions Columns 45 may be letained as a service column to indicate 
the piincipal seivice on which a patient is examined and treated At 
least five sei vices tvould be required by almost all hospitals, namely — 
medicine, suigeiy gxnecolog)', obstetiics and pediatiics Other sub- 
divisions about txventy 111 all could be noted The coding would be as 
folloxvs 00, medicine , 01, medicine and some other sei vice , 02, suigery , 
03, suigeiy and some other sei vice, 04, gynecology, 05, gynecology and 
some other service, and so on The even numbei s could be listed up to 
twenty difleient sei vices, and the odd numbers could be retained foi 
patients in these lespective sei vices wdio w'eie also treated in some othei 
hospital seiMce 

nnscRiPTiox or the technic or punching cards and 

WHIAT II MEANS TO THE RECORD DEPARTMENT 
or THE AXERAGE HOSPITAL 

The machine used to punch the index card is simple in construction 
and eas} to use (fig 7) This inaclnne and a fexv filing boxes repiesent 
the only special equipment necessary foi the installment of the index 
in the axeiage hospital Punch machines can be rented b} the month 
f 10111 both the Poxxers and Iiitei national Tabulating Machine Companies 
or the hand instruinent of the type in the diagiam can be purchased 
fiom the Intel national Time Recoiding Compaii) The nonelectrical 
txpe of punch iiiachnie xxould be adequate for the needs of all smaller 
hospitals 

The punch caid is placed on a inoxing platform as obserxed in figure 
7 The kexs aie stiuck one at a tune for any desired number As the 



532 


ARCHIVES OF INTERNAL HEDICINE 


ke}' IS punched, the machine automatical^ moves the card to the next 
column Its action in this respect is similar to that of a t 3 pewriter 

The safest wa}- to check tlie punch card is to have the clerk punch 
a set of cards and then punch a second set from the same original 
observations If the coi responding cards m the two sets are super- 
imposed and held to the light, a glance is sufficient to see that all the 
holes are punched similarl}' This process reduces the error due to the 
personal equation to an extremely low probability 

A filing clerk can be trained to carr}'^ on this s^^stem in about two 
weeks’ time An expert can punch about 2,000 cards during an eight 
hour da} A clerk of average abilitv ^\lll have no difficulty in coding, 
punching and checking at least 100 cards a da} This is an average 
daily dischaige late greater in magnitude than any except that of the 
largest hospitals in the country 

It will be necessary for the hospital to provide from three to four 
filing boxes to keep these punch cards for a period of from six months 
to a }ear One box 'will hold from 1,500 to 2,000 cards 

DESCRIPTION OF THE PRINTED CROSS-INDEX 

After the punch cards have accumulated for three, six or twelve 
months, they are sent away and made up into a printed cross-index 
The index cards described for this system were designed for the Powers 
Printing Tabulator Cards might be equally well designed for the Inter- 
national Tabulating Machine The printed record which is returned to 
the hospital will list the information on these index cards in ever}- 
desired fashion, so that it is unnecessary to keep the cards after the 
printed record has been returned 

The description of this printing process does not concern the hospital 
The printed record which is returned to the hospital is m the form of a 
loose-leaf, postbound index A page will be set aside in this index for 
each of the various diagnoses and the major divisions in the history, 
physical examination and laboratory observations For example, figure 
8 shows a sample page, entitled diabetes mellitus, the fifth printed line 
of figures on this page represents the complete index record of the 
illustrative diabetic case of IMrs H Brown Ever}’- coded item on her 
index card (fig 6) is printed on this one line of t}pe This same line 
of type signif} ing all the important facts about the case will be printed 
on thirty other pages in the cross-index It will appear on all of the 
pages entitled with the abnormalities which are indicated as positive 
for her case for instance, it will be listed on the pages entitled obesity, 
acidosis, arteriosclerosis, Iw pertension, constipation, hemorrhoids, 
positive items 1,2 3 and 4 from past illness , positn e respiratory history , 
positive circulatory histor} abnormal gastro-intestinal histor}’-, item 4. 
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abnoiinal nervous s>stem history item 2 abnormal family histoiy, 
abnoi inal observations on the e} e and mouth and thi oat no 2 abnoi mal 
observations on the neck, iMes and friction lub, abnormal observations 
on the heart, item 3, abnormal vessels, abnoi mal obseivations on the 
skin, abnormalities of the rectum, abnormalities m ps}che, abnormal 
urine, abnormal blood chemistry, abnormal observations on the ear. 
nose and throat, abnormal roentgenogram of the head, neck and thorax . 
abnormal results from dental examination, and abnormal obseivations 
following examination of the eye 

The physician can turn to any one of these index pages and find 
the complete entry of all coded facts for the case of Mis H Brown 

For the sake of illustration we have coded the information m several 
other diabetic cases The abnormal obseivations in each case are listed 
as a single line of type in figure 8 Therefore, if the physician desires 



to obtain the diabetic cases of those patients who also had arteriosclerosis 
and cardiac symptoms, and who weie moie than 50 years of age, he 
would turn to this index page entitled diabetus mellitus in the printed 
volume and locate the record of those patients who had arteriosclerosis 
(code no 80) , this would involve cases 53123, 59106 and 67190 Of 
these three patients, a glance at columns 22 and 23 demonstrates that 
only the first two patients were more than 50 years of age and of these 
two only one, 59106, in column 36, showed positive cardiac symptoms 
It IS planned that these printed cross-index sheets will be bound m 
loose-leaf volumes and that the volumes will increase m size from year 
to year as a continuous loose-leaf, postbouiid index For example, 
tabulation of diabetes mellitus for 1927 will immediately follon the 
diabetic cases for 1926, and in this way all the diabetic cases over the 
entire period of the hospital record system will be noted in the same 
position of the cross-index This is a material adi antage, since onl}- one 
search will be necessarv for any gnen tvpe of abnormal obsenations 
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From SIX to eight duplicates of the printed index file can be made 
if desired This makes it possible for several departments of the 
hospitalj or for hospitals in different parts of the countr)^ to have at 
hand a complete index of all cases in any given institution Loss oi 
destruction of an index is practically impossible if duplicates are made 

ESTIMATION OE COST OF MECHANICAL INDEX SYSTEM 

The cost of this index will vary somewhat with the numbei of case 
lecords involved Several items enter into the estimate, namely, the 
purchase or rental of a machine to punch the index cards, the purchase 
of index caids — which should not amount to moie than a few dollars 
a 3^ear foi the average hospital — ^the wages of a clerk for from one-half 
to full time depending on the size of the hospital and the efficienc} 



Fig 8 — Sample page labeled diabetes melhtus from the printed cross index 
The information given on index card, figure 6, appears as the fifth printed line 
of type 

ot the cleik, the purchase of from two to eight boxes as a temporarj 
file for punch cards and the cost of the printed cross-index 

The printing of the cross-index represents the only formidable item 
in this list If a number of hospitals accepted the same index set-up, 
the price foi each would be considerably reduced It would be possible 
to reduce this expense to a great degree if some medical institution 
would rent a set of tabulating machinery and make up the printed 
cross-indexes for a dozen or more hospitals The total expense foi 
the printing could then be divided and would become a minor con- 
sideration in the sums allotted the record department 

It IS probable that the installation of this mechanical index-system 
would release some clerical expense and save considerable time involved 
at present in the search for records We believe, although we have 
not been able to test the matter by actual trial, that the expense 
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involved in the system would be equal approximate!} to that ot main- 
taining the present average cioss-index and that it vould not he an 
excessive burden even if it were superimposed on an existing s}stem 

SUMMARY or ARGUMEX'IS IX I AVOR OF THE 
MECHANICAL CROSS INDEX 

The mechanical cioss-mdex, as here outlined, fulfils the featines 
that seem to be desirable for a hospital index 

1 It would he possible to locate the case number of lecoids desned 
by the physician within a few minutes’ time regardless of inaccurate 
information in respect to the patient’s name 

2 It would do away with misplacement of lecoids due to multiple 
oi ambiguous diagnoses 

3 It permits the location of records by histoiy and physical exam- 
ination as w'ell as by diagnoses 

4 It fills the need of a small hospital wntli about the same efficiency 
that It does a larger institution 

5 It IS elastic, and can be adapted to any type of special interest 
m medical work 

6 After the coding is understood and the routine established 
one clerk can handle the entire index system legaidless ol the size 
of the hospital 

7 The expense approximates the present outlay foi the average 
cross-index in use by most hospitals It must be realized in this 
connection that the cost of such an index would be piohibitne unless 
a systematic case lecoid form of the general type pioposed m this 
aiticle IS used In the oidinary case history now m vogue m hospital 
practice, the coding feature w^ould be a majoi consideration, and an 
almost insurmountable barrier 
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Duimg the last twenty-five years, surgeons have attempted to add 
suigical treatment to othei forms of therapy m many conditions charac- 
terized by anemia and splenomegal} They have, therefore, applied 
splenectomy in advanced, and in some eaily, cases of splenic anemia, 
hepatic cirrhosis, hemolytic icterus, pernicious anemia, myelogenous 
leukemia. Gaucher’s^ disease, and lecently, to hemorrhagic purpura 
Their efforts have been beneficial in splenic anemia, hemolytic icterus 
and hemorrhagic puipura, but lathei unsatisfactoiy m pernicious anemia 
and m myelogenous leukemia Occasionally splenectomy in hepatic cir- 
ihosis IS followed by improvement Removal of the spleen as a thera- 
peutic procedure has been based on the facts that it may be lemoved 
without definite damage to life, that this organ may be a factor in the 
destruction of blood in some cases of anemia, that any tumor which 
inteifeies with the vital functions of other oigans should be lemoved, 
and that splenectomy empirically peifoimed m hemonhagic puipura is 
unquestionably followed by an almost immediate and peimanent rise in 
the blood platelet count with prevention of fuithei purpura In general, 
these facts account foi the lelatively large numbei of spleens which have 
been studied in making this series of observations Heietofoie most of 
the information relative to this organ’s noimal and abnoimal structure 
and function has been obtained from material observed at autopsy and 
from experimental animals It has seemed wise, theiefore, to examine 
those spleens which have been lemoved at operation 

In leviewing the literature on hematology and the noimal structuie 
and function of the spleen, one is impressed principally by the confusion 
in nomenclature and by the great differences in observations and 
opinions An attempt, theiefoie, has been made to make original obsei- 
vations without being biased by pievious reading The nomenclature for 
cells IS that which I desci ibed in 1919 ® At that time all names of adult 
cells ended m cyte, and all legenerative types of cells in blast, thus the 
red blood corpuscle was called an erythrocyte and a nucleated led cell 
(normoblast, etc ) an erythroblast Instead of using the term myelocyte, 
the immediate progemtois of the leukocytes were called leukoblasts A 
regenerative stage or form of an endotheliocyte was called an endo- 

■’ Read before the Section on Pathology and Physiology at the Annual 
Session of the American Medical Association, Washington, D C, Mar, 1927 
A preliminary report 

1 Gaucher Bull et mem Soc med d hop de Pans 60 630, 1892 

2 MacCarty, W C A Biological Conception of Neoplasia, Its Terminologv 
and Clinical Significance, Am J M Sc 157 657, 1919 
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tlielioblast This unifoimity of terminology has served a useful pur- 
pose in the study of the relationship of cells to other cells and of their 
morphology in relation to biologic behavioi Besides the confusion in 
nomenclature, there has been some diffeience of opinion in the descrip- 
tion of clinical entities which are associated with splenomegaly In the 
following study, howevei, the conditions named were typical, and theie 
was neier any doubt about the clinical pictures as they have been uni- 
formly accepted 

The material investigated was obtained from eiglity-two cases of 
splenic anemia, fifteen of hepatic cirrhosis, fifty of hemolytic icterus, 
fifty-one of pernicious anemia, thirty of myelogenous leukemia, six of 
Gaucher’s disease, and twenty of hemoirhagic puipura, making a total 
of 254, to which must be added a miscellaneous group of sixty-six in 
which the clinical picture was not definite enough to be classified but 
which was associated with splenomegaly Thus 320 spleens ^ were 
studied with the following ideas in mind 

1 The establishment of a standard cytology regardless of the confusion in 
nomenclature 

2 To determine whether the histologic and cytologic splenic pictures bear any 
specific relation to the recognized clinical entities as they are accepted by modern 
diagnosticians and teachers of medicine 

3 To determine, if possible, if there might be any relation between the so-called 
clinical entities 

4 To obtain any possible information on the normal and abnormal structure 
and function of the spleen 

The 1101 mal spleen is a vascular organ in which lymph follicles are 
extremely numerous , the mam problem for all investigators has been the 
establishment of coriect structural lelationships between the lymphatic 
tissues, the supporting netwoik of connective tissue (frequently called 
the reticulo-endothelial tissue) and the circulating blood Many differ- 
ences of opinion may be found in the literatuie, and few, if any, have a 
perfectly clear idea of the exact structural and functional chaiacteiistics 
of this organ In general, it may be said that the structural and func- 
tional unit IS a complex one with the geim center at one end and the 
circulating blood at the other as shown m the illustration Between the 
two there is a netwoi k composed of fibrocytes and their elongated fibrils 
which form the meshes in which lymphocytes and normal blood cells 
intei mingle in performing the one or more functions of the organ 

3 Between 1904 and 1927, 456 splenectomies w'ere performed m the Mayo 
Clinic The material presented in this study represents only a part , other spleens 
have been used in the stud\ of circulation by Passalacqua and Gav, and the con- 
ncctne tissue of the organ by Perez Fontana These reports will appear m the 
near future 
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Under normal conditions there are certain definite types of cells which 
are constantly found in the spleen Thus one sees lymphoblasts, lympho- 
cytes, fibroblasts, fibrocytes, erythrocytes, endotheliocytes and at least 
two (neutiophihc and eosinophilic) of the recognized leukocytes, 
basophilic leukocytes are lare and fiequently difficult to differentiate 



Diagram of histologic and cytologic units of the normal spleen and the cells 
found under pathologic conditions a shows the germ center in lymph follicle, 
b, reticulum containing lymphocytes, fibrocytes and fibroblasts , c, the sinuses, 
and d, the disputed area in which arterial capillaries enter sinuses (Do they 
become dilated into sinuses, or do they enter at stoma in the endothelial walls of 
sinuses^) All cells are drawn to scale from unembedded fresh material They 
are as follows 1 is a fibroblast, 2, erythrocyte, 3, lymphocyte, 4, neutrophilic 
leukocyte, 5, eosinophilic leukocyte, 6, endothehocyte , 7, erythroblast , 8, lympho- 
blast, 9, small neutrophilic leukoblast, 10, eosinophilic leukoblast, 11, endotheho- 
blast , 12, Gaucher cell , 13, pigment and 14, fibrocyte 
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positively from eosinophilic leukocytes, in my own studies they have 
Ijeen too few and uncertain to allow any conclusions relative to them and 
their possible relation to the subject Under abnormal conditions such as 
exist in the clinical entities of this study, one sees not only quantitative 
pioportional variations in the types of cells which are normally present, 
but also the presence of the younger forms — the blasts of the noimal 
cells, as shown in the illustration In addition one sees in varying 
degiees deposits of pigment which are a lesidue of eiythiocytes which 
have been destroyed eithei in the circulating blood or m the spleen itself 
The changes which one sees in splenomegaly are lelative and have to do 
with changes in the oigan dependent on the relative presence of normal 
cells, young cells, pigment, changes in the network of the connectue 
tissue, obstruction to the flow of blood and i eduction of noimal struc- 
tural units The idea that the spleens, which are a part of each clinical 
entity, possess characteristic changes which differ from other clinical 
entities is incoirect, as will be seen m the accompanying figures I shall 
considei each clinical entity separately and biiefly state the things which 
make it an entity and then describe the conditions of the spleens 

CLINICAL ENTITIES 

Splenic Anemia (Banti’s Disease ) — Theie may be some question 
as to whether Banti’s disease is always splenic anemia oi whethei splenic 
anemia is always that picture which Banti ^ described In the one, 
enlargement of the spleen is subsequently followed by cirrhosis of the 
Iner, in the othei, the spleen is enlarged without demonstrable cirihosis 
of the livei In both conditions, theie is anemia without appaient 
changes in the moiphology of the erythrocytes Whether or not Banti’s 
disease and splenic anemia are the same disease, both are accompanied 
by splenic enlargement and anemia with the other clinical conditions 
which accompany anemia The spleens are grossly and mici oscopically 
indistinguishable, one from the other For practical pui poses, the two dis- 
eases are usually considered as one In this series, the facts shown in 
table 1 were noted 

The most obvious things in the spleens in cases of advanced splenic 
anemia are the great size of the organ, replacement of pulp by dense 
connective tissue, relative reduction of the number of germ centers, 
dilatation of the sinuses and the presence of pigment which is, however, 
much less in amount than that found in pernicious anemia and hemolytic 
icteius The cells lining the sinuses are usually small compared with 
those of the normal sinuses The spleens in splenic anemia are the 
lai gest spleens m this series of conditions 


4 Banti Ziegler’s Beitrage, vol 24 
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Hemolytic Icienis — This is perhaps a less definite and less easily 
recognized clinical entity than splenic anemia It usually occurs in 
\ounger persons and even in infants The tj^pical picture is character- 
ized b}- enlargement of the spleen, some enlargement of the liver, moderate 

Table 1 — Data foi Patients with Splenic Anemia^ 


Avenge age of patient S3 years 

Percentage males 5S 

Percentage palpable spleens 91 

Average treight of spleen 1,010 Gm 

Percentage showing congestion in spleen 0 

Percentage showing pigment in spleen 62 

Percentage showing leuLocytes (neutrophilic) in spleen 67 

Percentage showing leuLocytes (eosinophilic) in spleen 41 5 

Percentage showing germ centers in spleen 2S1 

Percentage showing lymph follicles in spleen S5 

Percentage showing thickened blood vessels m spleen 65 

Percentage shoning hyahnized blood vessels in spleen 25 

Percentage shoning flbrocytes 78 

Percentage showing fibroblasts 90 

Percentage showing atrophic endotheliocytes 68 

Percentage showing normal endotheliocytes 56 

Percentage showing endothehohlasts 25 

Percentage showing leukoblasts (myelocytes) 13 5 


* Technic — Blocks were taken from different parts of each spleen and studied m the fresh 
unfived and fived condition without anj form of embedding Notes on all shdes were made 
according to a definite cytologic morphologic standard without any regard to the clinical 
diagnosis They were later studied together The percentages are only relative when com 
panng one disease with another, they do not represent the evact frequency of the various 
factors in the different disease entities, because complete serial sections were not made 
through all spleens 


Table 2 — Data foi Patients with Hemolytic Ictcins 


Average age of patient 27 5 yrs. 

Percentage of males 49 

Percentage palpable spleens 8S 

Average weight of spleen S50 Gm 

Percentage showing congestion in spleen 60 

Percentage showing pigment in spleen 96 

Percentage showing leukocytes (neutrophilic) in spleen 32 

Percentage showing leukoevtes (eosinophilic) in spleen 44 

Percentage showing germ centers in spleen 17 

Percentage showing lymph follicles in spleen SO 

Percentage showing thickened blood vessels in spleen 32 

Percentage showing hvalinized blood vessels in spleen S 

Percentage showing fibroeytes 17 

Percentage shoeing fibroblasts 52 

Percentage shoning atrophic endotheliocytes 41 

Percentage shoeing normal endotheliocytes 65 

Percentage showing endothehohlasts 31 

Percentage showing leukoblasts (myelocytes) 11 


anemia, increased er3throc3tic fragility and an icteric tint to the skin 
The condition is frequently difterentiated with difficult3’- from biliary 
obstruction and pernicious anemia In this series of fift3'^ cases, the 
observations contained in table 2 were noted 
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Pc') melons Anemia — This condition piesents an anemia with a low 
erythrocytic count and a low percentage of hemoglobin plus vaiiation in 
size, and irregulaiity in the shape of the erythrocytes associated with the 
presence of eiythi oblasts Other manifestations and sequelae of anemia 
are frequently present The disease is not chaiacterized by excessive 
splenic enlargement, although the spleen was palpable in 45 per cent of 
this senes of fifty-one cases The condition has been considered a dis- 
ease of the blood, but since there is an extensive destruction of erythro- 
cytes as well as incompleteness in then production, surgeons have 
considered the spleen a possible source of erythrocytic destiuction This 
accounts for the experimental peiiod m which splenectomy was tried 
as a possible good therapeutic procedure The results have been dis- 
couraging, and one now rarely has the oppoitunity to see spleens of 

Table 3 — Dafa for Paltcnis zvith Peimcions Ancmta 


Avcrngc age of patient 47 years 

Percentage of males 73 

Percentage of palpable spleens 45 

Average v eight of spleen 330 Gm 

Percentage showing congestion in spleen 37 

Percentage sliowing pigment m spleen 06 

Percentage allowing leucocytes (neutrophilic) jn spleen 65 5 

Percentage showing leukocytes (eosinophilic) in splefen 69 5 

Porcentago showing germ centers in spleen 11 

Percentage showing lymph follicles in spleen 07 

Percentage showing thickened blood vessels in spleen 48 

Percentage sliowlng hyalinizcd blood vessels in spleen 44 

Percentage showing flbrocytes 10 

Percentage showing fibroblasts 43 5 

Percentage showing atrophic endotbehocytes 26 

Percentage showing normal endotheliocytes 63 

Percentage showing endothelioblasts 45 

Percentage showing leukoblasts (myelocytes) 49 


patients with pernicious anemia until aftei the inevitable death The 
data foi these patients aie given in table 3 

The spleens of patients with pernicious anemia aie not any more 
chaiacteristic than those of patients with hemolytic icterus, and both 
have some things in common In both there is a laige amount of pig- 
ment , this IS much gi eater than is found in any other splenic condition 
in this sei les In pernicious anemia the disease is apparently one which 
manifests itself in the spleen by er)^throcytic destiuction, pigmentation, 
and the increased piesence of leukocytes and leukoblasts There is an 
appal ent increase in the presence of endothelial regeneration in the 
sinuses manifested by endothelioblasts Chionicity is not so evident, as 
ma} be seen in the apparent absence of connective tissue proliferation, 
although theie is evidence of its early stages as seen in the increase in 
the number of fibi oblasts The blood vessels show an unusual amount 
of hyalinization and thickening 
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Myelogenous Leukemia — The condition in myelogenous leukemia is 
characterized by anemia plus the presence of myelocytes (leukoblasts) m 
the circulating blood and tissues It is usually associated with splenic 
enlargement For a short period, the patients with the condition were 
ti eated empirically by splenectomy, with poor results In this series, thei e 
were thirty spleens which showed the features given in table 4 

Table 4 — Data foi Patients ivith Mvelogcnous Leukemia 


Average age of patient 37 5 ears 

Percentage of males 31 

Percentage of palpable spleens 100 

Average aveight of spleen 830 Gm 

Percentage showing congestion m spleen 3 

Percentage showing pigment m spleen 74 

Percentage showing leucocytes (neutrophilic) in spleen 57 5 

Percentage showing leuCocytes (eosinophilic) in spleen 38 

Percentage shoeing germ centers in spleen 7 

Percentage showing lymph follicles m spleen 80 

Percentage showing thickened blood vessels in spleen 3S 

Percentage showing hyalinized blood vessels in spleen 3 

Percentage showing fibrocytes 42 5 

Percentage showing fibroblasts 48 

Percentage showing atrophic endotheliocytcs Si 

Percentage showing normal cndothelioeytes 44 5 

Percentage showing endothelioblasts W 

Percentage showing leukoblasts (mjelocjtes) 713 


Table 5 — Data fat Patients with Citthosis and Splenomegaly 


Average age of patient 41 years 

Percentage of males 05 

Percentage of palpable spleens 100 

Average weight of spleen 5 b 0 Gm 

Percentage showing congestion in spleen C 

Percentage showing pigment in spleen 58 

Percentage showing leukocytes (neutrophilic) in spleen 72 

Percentage showing leukocytes (eosinophihc) in spleen 54 

Percentage showang germ centers in spleen 10 

Percentage showing lymh follicles in spleen 100 

Percentage showing thickened blood vessels in spleen 25 

Percentage showing hyalinized blood a essels m spleen 0 

Percentage showing fibrocytes 33 3 

Percentage showing fibroblasts 100 

Percentage showing atrophic endotheliocjtes 83 

Percentage showing normal endotheliocytcs 33 3 

Percentage showing endothelioblasts 33 

Percentage showing leukoblasts (mvelocjtcs) 18 


Ctirhosis and Splenomegaly — In this condition, the enlargement of 
the spleen and anemia tv ere not the chief and most obvious complaints 
The patients were suffering from ascites, which was apparently sec- 
ondary to hepatic cirrhosis Whether these cases belong in the group of 
splenic anemias or not may be a question This series includes fifteen 
such cases, and the data in table 5 ma)^ be of significance 
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Splenomcqaly — In this gioup are included those cases which were 
characterized by excessive splenic enlargement without severe anemia or 
with no anemia and no ascites They may belong in the group or splenic 
anemia without the chaiacteiistic anemia or in the group of cirihosis 
without ascites If they belong to eithei group, they represent a stage of 
the disease in which the general or extiasplemc manifestations aie 
absent The facts observed are shown in table 6 

GmicheYs Di’icase — This condition, which has the clinical cliaiacter- 
istics of splenic anemia, is differentiated from splenic anemia merely by 
the so-called endothelial proliferation in the splenic sinuses In general, 
the spleens have the gross and microscopic appeal ance of those in cases 
of splenic anemia If, however, the endothelial prolifeiation is exten- 

Tablf 6 — Data fo7 Patients zvitli Splenomegaly 


\\erngo age ol patient 43 5 >rs 

Percentage of males 56 

Percentage of palpable spleens 100 

iUerage Height of spleen 920 Gm 

Percentage showing congestion in spleen 9 

Percentage showing pigment in spleen 60 

Percentage showing leucocytes (neutrophilic) m spleen 54 5 

Percentage showing leukocytes (eosinophilic) in spleen 39 

Percentage showing germ centers in spleen 0 

Percentage showing Ivmph follicles in spleen 82 5 

Percentage showing thickened blood vessels in spleen 44 3 

Percentage showing lij alinized blood vessels in spleen 13 

Percentage showing flbrocytcs 66 5 

Percentage showing fibroblasts 71 5 

Percentage showing atrophic endotheliocjtes 63 

Percentage showing normal endothchocytes 41 

Percentage showing endothelioblasts 18 

Percentage showing leukoblasts (mselocytes) 13 


sne, the cut suiface of the oigan presents a mottled appeaiance, there 
aie darkei aieas which aie composed of masses of the so-called Gauchei 
cells The condition as seen in a few cases has been well described by 
Wilson ^ and Guffin " and Ma} 0 * During the last year, Perez Fontana 
in his studies of connective tissue in the spleen has also included results 
of studies made at the Mayo Clinic on Gaucher spleens and has come 
to the conclusion that the typical Gaucher cell is not an endothelial cell, 
but that it belongs to the fibroblastic group and is therefore a part of 

5 'Wilson, L B The Patholog-s of Splenomegaly A Study of the Operative 
and Autop*;) Material from the Majo Clinic, Surg Gjnec Obst, 1913 

6 Giffin H Z The Diagnosis of Diseases Associated with Enlargement of 
the Spleen, Journal-Lancet, 1913, p 97 

7 }iIaio IV J Surgerj of the Spleen, Surg Gjnec Obst. 1913, The Rela- 
tion of the Spleen to Certain Chnnic Purpuras, Surg G^nec Obst 40 771 flunel 
1925 
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the reticulum He maintains that the spleen has the elemental structure 
of the omentum and that, as in the omentum, the fibroblasts become large 
and are filled with lipoid material, thus forming the fat cells of that 
organ From Fontana’s observations which I have had occasion to 
study, his contention seems correct, the Gaucher cells are probably not 
endothelial and are usually outside of the sinuses This is, however, 
probably only of academic importance and does not have any apparent 
bearing on a practical conception of the disease, which seems to behave 
like splenic anemia with a more rapidly fatal course The speamens 
in this senes are too few to permit an}!- conclusions in relation to other 
types of splenomegaly 

Hemoi 1 hagic Pm pm a — In this group are included cases character- 
ized by “chronic recurrent types of purpura hemorrhagica with low plate- 
let count, nonretractile clot, long bleeding time and positive tourniquet or 
capillary resistance test In many cases, petechiae and ecchymoses dated 
from childhood Bleeding in most cases was from the nose, gums and 
uterus” (Giffin®) Bleeding from the bowel occurs m some cases 
The spleens appear normal, although slightly increased in size, they do 
not show anything especially characteristic m this series, and they are too 
few for any definite conclusions to be drawn 

SUMMARY OF ITEMS NOTED 

Age — It may be seen that splenic anemia or Banti’s disease is a dis- 
ease which occurs during early life, appearing on the average of ten 
^ears earlier than does pernicious anemia, cirrhosis with splenomegaly or 
uncomplicated splenomegaly It occurs, howe-ver, about ten years later 
in life than hemolytic icterus, and it appears at about the same period m 
life as does myelogenous leukemia 

Sex — Splenic anemia, pernicious anemia, cirrhosis with splenomegaly 
and uncomplicated splenomegaly are much more common m males, while 
myelogenous leukemia is more common in females, hemolytic icterus 
occurs about equally in both sexes 

Size and Weight of Spleen — The smallest spleens in this series occur 
on the average in patients with pernicious anemia, and therefore are less 
frequently palpable In all other conditions the great size and associated 
weight make them palpable in pi actically all cases in which operation has 
been performed This fact does not mean that in all conditions which 
belong to splenic anemia, hemolytic icterus, myelogenous leukemia, 
hepatic cirrhosis and uncomplicated splenomegaly, the patients have large 
spleens In general, when the diagnosis is made the spleens are easily 
palpable, but m all probability there are stages in the diseases when the 

8 Giffin, H Z, and Holloway, J K A Review of Twenty-Eight Cases of 
Purpura Haemorrhagica with Splenectom 3 % Am J M Soc 170 186, 1925 
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spleens aie not so laige There was a time, not moie than twenty years 
ago, when most if not all lecognizable t}pes of carcinoma of the stomach 
were palpable, but at piesent, as observed in modem clinics, many of the 
types of gastiic carcinoma are not palpable It may be possible that 
the condition of knowledge lelative to splenic conditions is in the stage 
in which one sees only the laige spleens that are piesent in the late stages 
of the disease 

CongesiwJi and Pxgmeniahon — Congestion in the spleen is probably 
not unlike that in any othei part of the body It is an accompaniment 
of early active nutation, actual partial vascular obstruction or a low 
grade iiritation without rapid production of scar tissue As such it is 
more marked m youth, and when present latei in life, it occurs in regions 
m which previous destiuction has not occuried It is most marked in 
hemolytic icterus and pernicious anemia, one condition occuiimg in early 
life and the other in middle life Both diseases are accompanied by and 
charactei ized by erjthroc^tic pigment in the spleen, despite the fact that 
they do not show evidence of old chronic changes Both diseases are 
relatively acute The fact that one is usually cured by removal of the 
congested organ and the othei is not cuied by the same treatment sug- 
gests that in one the congestion ma)' have its primal y cause in the spleen, 
^^hlle in the othei the congestion is secondary to an attempt to care for 
products of destiuction originating elsewheie in the body Pigmentation 
occurs m all of this sei les of spleens, but it exists only in small quantities 
in all but hemolytic ictei us and pernicious anemia 

Neuti ophiltc Leukocytes — When these cells aie piesent in great 
numbers in any localized area of the body, or when they are increased 
111 the cii dilating blood, an acute infection is usually indicated In none 
of this senes of conditions was theie a great increase in their number 
They are piesent, but there is too great a similarity in their relative 
piesence to allow speculation concerning their significance They are 
least frequent in hemolytic icterus 

Eosinophilic Leukocytes — ^Like the neutiophilic leukoc}tes. they are 
not so common One obseivation may be of significance The pigment 
in all types of enlarged spleens of the senes is usually found in eosino- 
philic leukocytes In some of the fibrotic spleens, such as those found 
in patients with splenic anemia, hepatic cirrhosis and uncomplicated 
splenomegaly, much of the pigment is extracellular In pernicious 
anemia, in ulnch eosinophilic leukocytes aie paiticulaily common, they 
contain much pigment 

Lymph Follicles and Gcnn Ccnteis — ^These are piesent in all spleens 
of the series, and their relatue numbei and piesence show little difter- 
ences In geneiak the figuies shou that the louer the a\eraee ao-e the 

o 
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more pi eminent is their piesence The germ centers in the fibrotic 
spleens are less conspicuous The exception to this may be found in the 
cases of splenic anemia m which the greatest number of germ centers 
appear This may be due to the fact that this disease attacks people in 
early life, when there is normall} greatei regeneration of tissues This 
phenomenon of regeneration is especially visible in splenic anemia, 
hmph oblasts of the centers and fibroblasts of the leticulum are 
numerous 

Thickened Walls of Blood Vessels — The vessels especially obsened 
m this senes were those which trarerse the malpighian coipuscles or 
1} mph follicles eccentricall}'’, since the} are the small branches which are 
most intimate with the perifollicular reticulum and sinuses The thick- 
ening of the wall is most marked in splenic anemia and pei nicious anemia 
and least marked in hemolytic icterus and hepatic cn rliosis It is found 
in varying degrees in all spleens in the series 

Hyahmsatioii of the Walls of the Vessels — Closely related to fibrosis 
IS hyalimzation, since fibrosis probably alwa}s precedes h} alinization 
Marked parallelism is seen between the two conditions in the different 
spleens In pernicious anemia, howe^er, hyalimzation is common and 
occurs m a much higher percentage of spleens than in all other conditions 

Inciease in Fihocytes and Fib) oblasts — In an oigan which is 
normally not composed of great numbers of fibrocytes, their easih 
lecognizable increase may be interpreted as a replacement of other 
structures which have been destroyed The absence of fibroblasts in 
great numbeis in the piesence of gieat numbers of fibrocytes suggests a 
completed process, but when both fibroc}'tes and fibroblasts are present, 
one may perhaps rightl} consider that the process of destruction and 
replacement is incomplete In splenic anemia, both types of cells are 
abundant This may also be said of uncomplicated splenomegaly 
although both fibroblasts and fibioc}tes are in general less frequent than 
in splenic anemia In hepatic cirihosis the spleen does not contain fibro- 
cytes in great abundance, but fibroblasts are m greater abundance than 
in any other condition This suggests that the process of replacement 
m the spleen is activ e, and that it is not of so long a duration as m splenic 
anemia The relatively small number of fibi oblasts and fibiocytes m 
hemolytic icterus, pernicious anemia and myelogenous leukemia suggests 
the comparative absence of destruction of the splenic tissues in these 
diseases 

Atiophic Endothehocytes of the Sinuses — There is an interesting 
parallelism between the increase in the fibroblasts and fibroc} tes and the 
presence of these atrophic endothehocytes All three are conspicuously 
increased in splenic anemia, hepatic cirrhosis with splenomegaly and 
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uncomplicated splenomegaly, and are conspicuously infrequent m liemo- 
1) tic icterus, pernicious anemia and mj^elogenous leukemia 

Noimal Endoihebocytcs of the Sniuses — The sinuses in hemolytic 
icterus, pernicious anemia and splenic anemia show a higher percentage 
of apparently noimal endotheliocytes Their presence seems to be 
imeisely propoitional to the presence of increased fibrocytes, with the 
exception of splenic anemia in which fibroblasts and fibrocytes are 
gieatly increased This may be explained, perhaps, on the giound that 
splenic anemia is a disease of young peisons and occuis rather acutely 
befoie atiopic changes have a chance to occur in the sinuses 

Endotlieboblasts Lining the Sinuses — These cells aie characterized 
by being large and containing laige nuclei and nucleoli They line the 
sinuses under ceitam conditions, being especially abundant in mye- 
logenous leukemia They aie sometimes seen in all othei conditions, 
but their increased piesence in myelogenous leukemia suggests some 
jiossible relationship between the abnormal abundance of leukoblasts in 
the circulating blood and the tissues This suspicion is gieatly enhanced 
by virtue of the fact that many of these cells contain protoplasmic gran- 
ules, although these granules are usually smaller than those seen in leuko- 
blasls Endotlieboblasts are also common in pernicious anemia 

Lcucohlasts (Myelocytes) — In the present woik, distinction is not 
made between the neutrophilic, eosinophilic and basophilic leukoblasts 
They aie moie common in myelogenous leukemia They are next nioie 
fiequent in pernicious anemia There seems to be a parallelism between 
their presence and the abundance of endotlieboblasts lining the sinuses 
In this brief leport there seems to be no way of recognizing the 
clinical entity fioiii the splenic condition alone except in extremes of 
myelogenous leukemia and in difterent types of splenomegaly which 
belong to eithei splenic anemia or hepatic cirrhosis In general 
Gaucher’s disease may be lecognized by the presence of the so-called 
Gaucher’s cells, although a few of these may be found also in splenic 
anemia There is some evidence to suggest a possible relationship 
between some of the diseases which have been described, but further 
study must be made before any definite report is justifiable The 
problem m the normal structure of the spleens remains unsolved for the 
present This has to do with the exact method of entrance of the circu- 
lating blood into the so-called sinuses and the relation of the sinuses to 
the splenic veins 

MISTRACT OF DISCUSSION 

Dr W\rd J MacNeal, New York It is possible to recognize a definite 
anatomic unit of the structure of the spleen which can proper]}’- be designated as 
a splenic lobule, and it is easily recognized because it possesses the splenic follicle 
at Its center Tins is a new conception, I think, of the splenic unit Second, the 
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arterial capillaries of the spleen terminate by opening into and becoming con- 
tinuous with the intercellular spaces of the splenic pulp This has been demon- 
strated in serial sections of the spleens of animals and of man and also by the 
experiment of injecting nucleated corpuscles of the blood of a bird into a tributary 
of the splenic artery so that these cells are injected into the spleen during life by 
arterial pressure 

Dr. William C MacCarty, Rochester, Minn This winter I had the pleasure 
of seeing Dr MacNeal’s work I have kept and expect to keep an open mind 
on the subject of the structure of the spleen and the relation of the arteries to 
the sinuses I have two associates working with me now on circulation, and I am 
gomg to wait until they make their observations, compare them with Dr MacNeal’s 
and others and then, perhaps, draw conclusions 



THE INTRADERMAL SALT SOLUTION TEST IN 

TUBERCULOSIS 

AARON FELDMAN, MD 

CHICAGO 

In a lecent publication, Feldman and Reifsneidei ^ briefly reviewed 
previous woik with the intradermal salt solution test^ and reported 
results of its use m a series of cases of nephritis McClure and Aldrich,^ 
who introduced the test in 1923, found that the elevation produced by 
the injection of salt solution disappeared more quickly than normally in 
the presence of edema or pre-edema They^ suggested the possibility 
that the rapid disappearance of the type studied in cases of edema with 
associated albuminuria might be due to a toxic condition of the tissues 
which increases their affinity for water Results from the use of the 
test by Baker ^ in scarlet fever, by Lash ^ in toxemia of pregnancy, by 
Olmstead ® in a certain group of cardiac cases and by Harrison in 
pneumonia in children, tend to show a relationship between the toxicity 
or se^erlty of illness of the patient and the disappearance time 

The piesent paper reports results obtained by the use of the intra- 
derinal salt solution test on twenty-nine patients in the tuberculosis 
department of the Cook County Hospital Twenty-five of these had a 

* From tlie Otho S A Sprague Memorial Institute and the Pathological 
Laboratory of the Cook County Hospital 

1 Feldman, Aaron, and Rcifsneider, J S Arch Int Med , 41 102 (Jan ) 

1928 

2 The technic of the test is as follows A small elevation is raised by the 
intracutaneous injection of 02 cc of a sterile 0 8 per cent aqueous solution of 
sodium chloride The length of time that the elevation remains palpable is noted 
Normally, this time is at least one hour in children of more than 1 year of age, 
somewhat longer in white adults and still longer in negro adults The tests 
reported here w'ere performed mostly on the forearm, because, as has been pointed 
out by McClure and Aldrich, shortened time during which the elevation remains 
palpable due to deficient circulation is less frequently found here than in the leg 

3 ^IcClure, W B , and Aldrich, C A Time Required for Disappearance 
of Intradermally Injected Salt Solutions, J A M A 81 293 (July 28) 1923, 
The Intradermal Salt Solution Test, JAMA 82 1425 (May 3) 1924 

4 Baker, W J Intradermal Salt Solution Test in Scarlet Fever and Diph- 
theria Patients, J A M A 83 1566 (Nov 15) 1924 

5 Lash, A F Intradermal Salt Solution Test in Normal and Toxaemic 
Pregnancies, Diagnostic and Prognostic Aid, Surg G\nec & Obst 43 40 (JuK) 
1926 

6 Olmsted H C Intradermal Salt Solution Test in Cardiac Diseases in 
Children Arch Int Med 37 281 (Feb ) 1926 

7 Harrison, J Intradermal Salt Solution Test in Lobar Pneumonia in Chil- 
dren, J A AI A 84 1258 (April 25) 1925 
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condition diagnosed as pulinonaiy tuberculosis, two had miliary tuber- 
culosis, one, an acute miliary tubeiculosis teiminating m ulceiative 
pulmonary tubeiculosis, and one, tuberculous peiitomtis All except 
thiee died while m the hospital, two w'eie discharged impro\ed and one 
unimproced Edema w'as not palpable m the aim m an> case, it was 
found in onl) three cases m the leg The lesults of the tests and the 
clinical data are given in the table and are showm in the chait wdiich was 
constiucted fiom data taken fiom the table 

It is seen that in this group of patients with advanced tuberculosis, 
the chsappeaiance time is usually maikedly low In sixteen patients, the 
time w'as only tw^enty-five minutes or less , most of them show^ed symp- 



Tiie heights of the columns represent the variations in the shortest time 
required for elevations caused by the injection of salt solution into the forearm 
to disappear in t\\ent\-nine cases of tuberculosis The black columns represent 
the patients who died m the hospital and the white columns those who were 
discharged JF indicates the white patients, C, the colored, and ^lex, the 
Mexican 

toms of being toxic , some were irrational One w as a young Mexican 
man wuth a topical clinical and roentgen-iay picture of miliaiy tuber- 
culosis Although most of these patients show^ed a maiked rise in 
temperature, pulse and respiration rate, a close relationship betw^een 
these factors and the short disappearance time w^as not e\ident Edema 
did not occur in the arms in an) of these patients, in onh two (cases 
12 and 28) w’as there eMdence pointing to imohement of the urinar)^ 
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tract Many of these patients -were greatly emaciated, ^^hlch natural!} 
suggested that this loss of tissue might perhaps account for the short 
disappearance time However, this explanation seems to be inadequate, 
since the disappearance time was long in some greatl) emaciated indi- 
viduals 

The results did not \aiy a great deal in the few patients on vhom the 
tests were carried out both in the forearm and in the leg 

That tuberculosis does not necessarily lead to a low disappearance 
time can be readily seen from the chart Of the eight patients that 
showed a disappearance time of forty-five minutes or more, three (cases 
4, 6 and 7) were considered to ha^e mild cases at the time of the tests, 
two of them died se\eral months later Two patients (cases 3 and 8), 
although seriously ill at the time of the tests, were not considered as 
having far ad^anced cases, one of these, however, died tivo weeks later 
The remaining three (cases 1, 2 and 5) had only a few more da}s to 
live, although the} gave histones of short duration of illness It is 
worthy of note that these three patients with the longest disappearance 
times seemed to show little temperature reaction The one who had the 
highest disappearance time in the entire series (one hour and fifty min- 
utes) had a persistently subnormal temperature ranging between 962 F 
and 97 6 F In these three patients, the forearms were observ ed to be 
cold when exposed for a short time All were greatly emaciated, which 
tends to show that emaciation alone is not sufficient to explain the low 
results obtained in the larger number of cases, furthermore, the }oung 
Mexican with a typical picture of miliary tuberculosis and a disappear- 
ance time of twenty minutes was not emaciated 

The remaining fiv^e patients in different states of the disease gave 
results varying from twenty-eight to forty minutes 

Since most of the patients tested were negroes the low results are of 
enhanced significance, because the normal disappearance time has been 
shown Lash ® to be considerably higher in negro w omen than in w hite 
women 

SUMMARY 

The intradermal salt solution test w’-as performed on twent}-six 
patients with pulmonar} tuberculosis, two with miliary tuberculosis, 
one with pulmonar} and acute miliar}' tuberculosis, and one with tuber- 
culous peritonitis In tw’^enty-four of the twent}-nine patients the dis- 
appearance time of the elevation caused by the injection fell below tlie 
lower limit of normal, and in most of these it was greatly below normal 
In general, the shortest times were obtained in patients with s}mp- 
toms of toxicity, who in many instances had a septic t} pe of temperature 
Extended disappearance time w'^as usually noted in patients with a ten- 
dency to subnormal temperature 
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That pulmonar} tubei culosis does not ah\ a} s cause a inarkedK shoi t 
di'^appearance time is shown b} the obser\ation of a disappearance time 
of sixt} minutes or more m fi\e patients, four of whom died wuthm 
fifteen da}s after the time of the tests 

The possibiht} that secondan infection may ha\e pla}ed an impor- 
tant part 111 causing the short disappeaiance times in these tuberculous 
jiatients must be considered 



COUNCILMANIA TENUIS AND C DISSIMILIS, 
INTESTINAL AMEBAS OF MAN 

C A KOFOID, PhD, ScD 

BERKELEY, CALIF 

The detection of distinguishing structural features that may be 
relied on to separate the species of amebas, especially of the parasitic 
amebas in the digestne tiact of mammals, is fiaught with difficulties 
These arise from changes in form in the motile phases due to loco- 
motion, to the extrusion and leti action of pseudopodia, to the presence 
of cytoplasmic inclusions and to the modifications incident on changes 
in temperature and in h 3 drogen ion concentration For example, a 
slight increase m acidity, as from p^7 0 to 5 8, maikedly increases the 
locomotor activity and tends to elongate the pseudopodia 

In stained preparations of motile stages, the foim of the body and of 
the pseudopodia is subject to changes due to contraction in smearing and 
fixation 

In the enc}Sted stages many of these modifications are eliminated 
but others arise which disturb the uniformity of stiucture Among 
these are the volume, number, distribution and time of occurrence of 
the glycogen \acuoles that determine the appearance of the cytoplasm, 
modify the location of nuclei and determine the numbers and location 
of the chromatoidals 

A second cytoplasmic constitutent is the chromatoidal substance 
organized in chaiacteristic chromatoidal bodies that appear on the 
peiiphery of the glycogen vacuoles as the latter fade out, in 
the form of siderophil bodies which in tuin decrease in number and 
finall} fade out entirely with increase m the number of nuclei and aging 
of the cyst These bodies have a characteristic range m size, shape and 
relatne number in the different species of amebas They vary greatly, 
however, within the species m these paiticulais, both with age and in 
different infections, probably as a result of either environmental influ- 
ences or genetic or racial differences There are stools and hosts in 
which chromatoidal-rich or chromatoidal-poor cysts afe found that have 
a different appearance from each other because of the differences in the 
total and relative masses of chromatoidal substance and number of 
chromatoidal bodies The form of these chromatoidal bodies is some- 
times suggestne of liquid cr}stals with evidence of angular or semi- 
angular facets These structural features of the chromatoidals change 
with their increase in size, their coalescence and their solution and fad- 
ing out Although var\nng greatly in size, shape and proportions, the} 
ncAertheless exhibit similaiities within the species nhich are somewhat 
characteristic 
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The nuclei also Aar} in shape, structine, nnmbei, size and location, 
as mitosis pioceeds and the increase fioni 1 to 2, 4, 8, oi 16 as niicleai 
diMSions end and the cyst comes to a state of nuclear equilibiium The 
numbei of dnisions is, m the mam, chaiacteiistic foi each species 
Thus in lodamocha hutschlu the completed numbei of nuclei in the cyst 
is laiel} moie than one, m Endainoeba dy^cntcuac. it is never inoie than 
foul , in Coiincihnania laflenrt and Endoinocba coh, it is eight or sixteen, 
i.nel} thnty-two m the foimer In C mm is and C dccninam, the maxi- 
mum numbei is eight 

During tbe mitotic piocess the nuclei go thiongh a succession of 
ordeily changes m size and shape The single nucleus of the cyst 
when fiist foiined is much laigei than those of the teiininal stage As 
each nucleus goes through mitosis, it fiist elongates into a broad spindle- 
shaped bod}, then constncls eqiiatoi lally and gieatly elongates, it paits 
in the middle, and each end leshapes itself into a spheie, with piofoiind 
changes in internal stiiictiiie dining this process 

The number of the chromosomes is a chaiacteiistic of plants and 
aininals, including amebas The numbei s and sizes of the chromosomes 
aie basic, togethei with the sideiophil substance forming the centro- 
somes at the apexes of the spindle, m detei mining the stiiictuie and 
appeal ance of the nucleus, not only at mitosis, but in the lesting stage 
The nucleus in the so-called lesting stage of amebas m general thus 
comes to be one of the most leliable of all chaiacteis iitilizable as a 
basis foi classification and foi diagnosis of species in intestinal infec- 
tions The number ot chi omosoines is to be detected only at, or neai, 
the metaphase of mitosis, it is detected m lelatuely few infected stools, 
and lequiies skill and infinite patience to unravel, but is of gieatest 
classificatoiy A^alue in conjunction with othei chaiacteiistics Thus an 
ameba haMug about twenty chiomosomes such as Kai yamocbina fahata 
can not possibl} be the same species as Eudamoeba dyscnfcuac with 
onl} SIX chiomosomes, as Wenyon’^ suggested 

Foi loutine diagnosis and as a rule m specific determinations of the 
intestinal amebic fauna, one must make a gieat deal of use of the stiuc- 
tuie of the nuclei in the C}sts, but nuclei utilized for this purpose aie 
best studied when m a state of equilibrium with the mitotic divisions 
completed and metabolism in the cell, such as that mvohed m the 
ghcogen-chiomatoidal c}cle eliminated or at a low ebb In such com- 
pleted cists the maximum degiee of uniformit} of structuie mai be 
expected Theie is eien some laiiation in the total amount of chro- 
matin, so that some “races" oi c}sts from some stools or hosts are much 
pooler m chromatin than othei s E\en iiith such differences, the 

1 Weinon C :M Proto70olog^ A [Manual for Medical Men Veterinarian 
Zoologists London Ealliere Tindall and Cox 1926, p 209 
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Fig 1 — Comparatl^e view of the nuclei of human intestinal amebae from 
fecal smears fixed in Schaudinn’s fluid and stained in iron hematox\hn, X 


E\I’L\N\TI0N of Figlpf 1 

A, Endamocba d%scntcnac (Councilman and Laflcur) irom a motile ameba 
in d\scntcnc stool, showing distributed peripheral chromatin, spoke radii, wide 
clear halo, and central, solid, spherical kareosome 

B, Endamoeba d\scntcriac irom a lour-nucleated c\st, showing smaller size 
but similar structure, except that the karjosome is somewhat eccentric 

C, Endamoeba coli (Locsch) from a mononucleated c\st, showing dis- 
tributed peripheral chromatin, spoke radii, small halo, and slightlj eccentric, 
solid, spherical kariosome 

D, Endamoeba coli from an eight-nucleated cjst, showing similar structure 
L, Dientamocba fragilis (jepps and Dobell) from motile phase, showing no 

peripheral chromatin, nuclear membrane taint, large granules massed in large 
central karjosome and spoke radii to membrane 

F, Dientamoeba fragilis showing kareosome granules scattered toward 
penpheri 

G, Karyamoebina lalcata (Kofoid and Swezj) from a motile phase showung 
nuclear membrane free from peripheral chromatin except for one large cres- 
centic blob, one large, solid, eccentric, spherical karjosome in clear halo, and 
some scattered chromatin blocks Spoke radii are not present 

H, Endolimax nana (Went on and O’Connor) Drug, from a mononucleated 
cist showing Aerj faint nuclear membranes, one massive, lateral, lenticular 
blob of chromatin, minute centrosome on stalk which is the forming intra- 
desmose, no spoke radii, and no halo 

/, Endolimax nana from a smaller mononucleated cjst showing intra- 
desmose more extended, chromosomes forming in a crescent adjacent to the 
blob and mo\cmcnt of blob along intradesmose 

/, lodamoeba butschlii (Prow'azek) Dobell from a mononucleated cjst 
showing taint nuclear membrane with no film of peripheral chromatin, a 
massne, lenticular, lateral blob and small centrosomes on stalk (the intra- 
desmose) from blob, no halo and no spoke radii 

A”, lodamoeba butschhi from another mononucleated c\st showing similar struc- 
ture except that the crescentic mass of chromatin granules is more in e\idencc 
This IS the chromatin net from which the chromosomes will form 

L, Councilmania tenuis (Kuenen and Sw ellengrebel) Kofoid from a mono- 
nucleated cjst showing deformation of nuclear membrane, lack of peripheral 
chromatin and central kar\osomc dispersed in a ring-shaped group of large 
granules, no spoke radii nor halo 

1/, Councilmania tenuis from a four-nucleated cjst with spherical nucleus and 
similar structure 

A, Councilmania tenuis from a four-nucleated cjst with karjosome granules 
masked in a central crescentic mass 

O Councilmania tenuis from an eight-nucleated cjst with deformed nuclear 
membrane and minute granules massed m an elongated central karjosome 

P, Councilmania dissimilis sp no\ irom a motile ameba in culture showing 
scattered peripheral chromatin and large crescentic lateral blob (oblique to 
plane of locus), central kar\osome composed ot a group of discrete granules, 
spoke radii and an intermediate zone of granules 

O Councilmania dissimihs from an eight-nucleated cjst showing lateral blob, 
disjicrscd central karjosome and spoke radii 

R, Councilmania lafleuri (Kofoid and Swezj) from an eight-nucleated cjst 
showing faint nuclear membrane with no peripheral chromatin and dispersed 
granules of the central kar\osome 

S Councilmania lafleuri from a different eight-nucleated cjst with small 
amount of faiiith stained peripheral chromatin, spoke radii, and central spheroidal 
ina^-s of discrete granules forming the karjosome 
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microscopist ma} tram himself to detect with a high degiee of accurac} 
the specific distinctions betw'een the c}sts of the \aiious amebas of the 
digestne tract of man 

The structure of the resting nucleus in mature c} sts is thus the most 
a\ailable and at the same time the most critical morphologic criterion 
of the generic and specific distinctions among the intestinal amebas of 
man and other mammals 

It w^as on this basis of the structuie of the resting nucleus that 
Kofoid and Swez},- in part, distinguished the genus Counalmama, paia- 
sitica, m man Latei the species in rodents were assigned to it b}' 
Kessel ® and Kofoid, Swezy and Kessel ^ The striking difteiences in 
this nuclear structuie as seen m the resting nucleus of the mature C}sts 
of the different species of human intestinal amebas is showm m figure 1 

In the course of our ini estigation on the human intestinal P] otocoa 
during the past yeais, w^e have become increasingly certain that theie 
are two additional parasitic intestinal amebas of lathei fiequent occui- 
rence m man, wdiich are at piesent masquerading undei the covei of 
other better known species Both haAe distinct morphologic chaiacter- 
istics, and infections caused by them have typical pictuies of occuirence, 
lecurrence and distiibution 

The fiist of these was oiigmally described by Kuenen and Swellen- 
grebel ° as Entamoeba tenuis from man Accoiding to them, its C}sts 
aie sometimes as}mmetiical, and the nuclear membranes m the cysts 
are de^old of penpheial chromatin m distinct blobs, although the line 
representing this membrane is drawm by them as a heavy one The 
nuclei are chaiacteristicall) defoimed, off the sphere, m all of then 
figures The chiomatoidals are rather small, rounded or lodhke C}sts 
with one, two and foui nuclei are figuied The nucleus has a halo and 
lather irregularly shaped subcentral or cential karyosome 

\\'e ha-\ e long recognized this ameba m oui i outme laboratory exami- 
nations of stools, noting it on our laboratoiy lecords as “little Council- 
mania/’ but not reporting it, as w^e w'eie uncertain of its status It 
stains faintly, is easih confused, because of its size, and its ellipsoidal 

2 Kofoid, C A, and Swez\, O On the Free, Encysted and Budding Stages 
of Councilinania lafleuri, a Parasitic Amoeba of the Human Intestine, Univ Calif 
Pub Zool 20 169, 1923 

3 Kessel, J F The Distinguishing Characteristics of the Parasitic Amoebae 
of Culture Rats and INIice, Unn Calif Pub Zool 20 489, 1924 

4 Kofoid, C A. , S^\ez^ O, and Kessel, J F On the Genus Councilinania, 
Budding Intestinal Amoebae Parasitic in IMan and Rodents, Univ Calif Pub Zool 
20 431, 1923 

5 Kuenen, W A, and Sw ellengrebel, X H Korte beshrivjving van enkele 
minder bekende pro\ozoen nit den menschlijken darm, Nederl Tijdschr v 
Geneesk 57 496, 1917 
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Tig 2 — Councilmanja tenuis (Kuenen and Swellengrebel) from a stained fecal 
smtar from man from nine different cases , X 2,500 

A, mononucleatcd cjst with diffuse glycogen vacuoles, three subspheroidal 
chromatoidals in halo, subspherical nucleus with faint membrane, no peripheral 
chromatin and dispersed karyosome, probably a prophase 

B, bmucleated c> st with diffuse glycogen vacuoles, two chromatoidals, one rod- 
shaped in halo, and nuclei wnth condensed karjosomes 

C, four-nucleated cjst, little evidence of glycogen vacuoles, one small chroma- 
loidal, and nuclei w'lth dispersed ring-shaped karyosomes 

D, eight-nucleated cyst with three chromatoidals in one halo, and remnants 
of a gl} cogen vacuole but quite asymmetrical karjosomes 

L, binucleated cyst with nuclei at metaphase of mitosis, diffuse glj cogen 
\acuoles, and one chromatoidal 

r, binucleated cjst with little evidence of glj cogen vacuoles, three small 
remnants of chromatoidals and nuclei in earlj anaphase with about six chromo- 
somes 

G, four-nucleated c\st with little CMdcncc of glj^cogen \acuolcs, scattered 
chromatoidal remnants and nuclei with crescentic karjosomes 

H, four-nucleated cjst with little evidence of glj cogen \acuoles, five chroma- 
toidals and nuclei all m the anaphase with chromosomes massed at the poles of 
the intranuclear spindles 

I, eight-nucleated cjst with deformed nuclear membranes, irregular karjo- 
somes, and several large glj cogen vacuoles Faint chromophil strands lead to the 
pore on the upper side from which the chromophil bud emerges 

eight-nucleated cjst with deformed nuclear membranes, and irreguiar 
karvosomes The remnant of a chromatoidal lies in the center of a dark -bordered 
halo A small cjtoplasmic bud is emerging from the pore 

K, six-nucleated cjst with cjtoplasm emerging from pore Probablj one 
amcbula has alreadj escaped 

L fn c-miclcatcd c\st with cjtoplasm emerging and one nucleus at the pore 
Probabh three amcbulas have alreadj escaped 
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or a5}mmetncal cjsts ^Mth Endohmav liana, and, ^\hen spherical or 
iiei\ed on end as spherical looks like a small four-nucleated Endanioeha 
dyscnicriac In fact Xoller ® placed it in the S 3 non}m\ of Entamoeba 
Jiartmanm Proi\azek but his illustrations of that so-called species do 
not include am figures of Kuenen and S\i ellgrebel s Entamoeba tenuis 
Morphological!} cultural!} and in its pathogenic capacity, E haitmanm, 
in our opinion is onh a small but frequent phase of Endamoeba dyscn- 
tciiac and should not be gl^en specific recognition 

It IS different how er, wuth the speaes tenuis, w Inch is distinguish- 
able We allocate it however, to the genus Councihnania instead of 
Endamoeba (or Entamoeba') because of tlie structure of its nuclei in 
the matured C}sts 
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F)g 3 — C>5ts of Councilmania tenuis in outline from four different cases in 
man Case A average long and short diameters 63 and S2 microns, case B, 
89 and 62 case C 91 and 67, case D 94 and 74 Average of the 40 ejsts 
85 b^ 64 microns X 1,000 

COUXCILMAXIA TEXUIS 

The foUotving morphologic feature characterize this species The 
motile stages of Councihnania tenuis (Kuenen and SwellengrebeK) 
are small from 7 to 10 microns, wuth broadly rounded, clear pseudo- 
podia, fairh actite enc}sted phases are abundant in stools wnth one 
nucleated and four nucleated stages predominating less frequent!} eight 
nucleated The c}sts measure from 3 1 by 5 7 to S b} 10 6 microns, 
the a^ erage mean diameter of 500 being 7 1 microns generally slight!} 

6 Xoller W Die mchtigsten parasitischen Protozoen des Menschen und 
de- Tiere I Ted Einfuhrung un die allgemcine Kenntnis und die Untersuchung 
der parasitischen Protozoen und Abschnnt I Die parasitischen Rhizopoden, 
Berlin Schoetz 1922 p 272 
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oft the sphere, ellipsoidal, ovate oi asymmetiical to a slight degiee 
Gh cogen is not massive, usually in se\eial laiger or iiiimeroiis smallei 
not clearh delineated ^acuoles There aie few chiomatoidals, lather 
sinall, broadly ellipsoidal or o\oidal, often slightly as} mmetrical or 
small, subspheioidal oi iiiegiilar in a clear halo (of solution The 
nuclei are reiy faint, difficult to locate and to define because of the lack 
ot peiipheial cluomatm, often subsphencal oi with iiiegulanties in 
contour, vith central or subcential, iiregulai, lather laige deeply stain- 
ing kar}osome formed by an aggiegate of small granules, cleaily 
separable in mam nuclei, with gi eater difficulty in otheis As in 
Councilmama Jaflcwi the kanosome may be subpheioidal. renmfoim 
ling-shaped or a semicnciilar low of heavy gianules, but, as a geneial 
rule, under high magnification and good definition, it is seen to be an 
iriegular aggregate of chromatin spherules In man}' nuclei its gianules 
are widely dispeised At mitosis the kai\osome moves to the periphery 
and It foiins the t3pical, but faint, intradesmose as the chromosomes 
form, in pait at least from its substance Their numbei is about six, 
but has not } et been accurately determined 

The c}sts bud less free!} than those of C la flam in the stool and 
are found in this condition in fresh smears and stained slides Nuclei 
haA e been found in transit through the minute hole in the c} sts and in 
the budded ainebula attached to, or adjacent to, the paient c}st 

Due to the fact that the C3toplasni of this species destains leadih m 
non hematoxjhn, and that there is not any appieciable amount of 
chromatin on the nuclear membiane the C3sts of this ameba ha^e a 
difteient aspect in stained fecal smears fiom those of othei amebas such 
as E dyscnfe?iac with more stamable C3toplasm and nuclear w^all 
encrusted with black peiipheral chromatin The facts that the chro- 
matoidals aie oiate oi subsphencal and often small, and that the cential 
kai3osomes are lathei large and in clear halos not unlike those about the 
deci easing chromatoidals, add to the aberrant appeaiance of these amebic 
C3sts This ma} lead the examinei of the smear to thiow them into the 
discaid or to legard them merel}’ as abeirant Endolnnav iiana or even 
Endamocba dyscnto me of the smallei phases, fiom 7 to 9 micions, in 
which the amount of peripheral chioinatm is not so noticeable as in 
the laiger phases The large size of the central kai30somes in some 
cists and the faint nuclear membiane of C temiis also gii'e a pictuie 
swggestii el}' like that of the nuclei of chromatin-pooi EndoIunaT nmio 
seen wuth the lateial blobs in face new'' The similarit}’^ is heightened 
b} the subsphencal shapes of some of the C3sts of C fcmas 

Nothing critical is loiowm of the pathogenicit}’ of this species Ani- 
mal experimentation and seiologic tests wuth pure cultures as w'^ell as 
clinical stud} of cases of pure infections by this species aie needed to 
establish its relations to its host 
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Fig 4 — Councilmania dissimilis sp no\ from fecal smears stained m iron 
hcraatox} Im , X 2210 

A, mononucleated c\st \\ith large spheroidal (probably lenticular in the plane 
of the section) gh cogen ^acuole, numerous small faintly bordered chromatoidal 
bodies, nucleus in earh prophase, \\ith peripheral chromatin network and heavj 
lateral blob 

B, mononucleated c\sts iMth two chromatoidals with asymmetrical ends, three 
small gh cogen ^acuoles, and nucleus with lateral blob, eccentric, irregular 
kar\osome and radii 

C binucleated cjst with disappearing diffuse lenticular eccentric gh cogen 
^acuole, two small flakelike chromatoidals, nuclei in prophase with emerging 
chromosomes, the left with an intradesmose connected at one end with the 
lateral blob 

D, four-nucleated c^st with diffuse lacuolation, linear remnants of the 
chromatoidals nuclei with heaw lateral blobs and dispersed kar>osomes 

E eight-nucleated cist with diffuse lacuolation, and one small vacuole, stout, 
angled bordered chromatoidals, nuclei with marked lateral blobs and dispersed 
kanosomes 

F, budding cist with three nuclei one in the escaping amebula and chromophil 
citoplasm m pore and bud Remnant of a chromatoidal m a halo, and seieral 
other minute remnants Nuclei with lateral blobs and somewhat dispersed 
kanosomes 

G, cist with seien nuclei with lateral blobs and larioush dispersed kario- 
somes four somewhat bordered squarish or rodlike chromatoidals, and no 
gli cogen lacuole The citoplasm is chromophil toward and m a small circular 
pore on the upper surface Probabli one amebula has alreadi escaped reducing 
the eight nuclei to seien 

H, motile ameba from fecal smear with retracted clear pseudopodia and 
nucleus with lateral blob and dispersed karjosome 
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The incidence of infection by Coxmcilmania tenms in man is lather 
high In 7,746 examinations of about 2,587 persons made m my labo- 
ratory between Jan 1, 1927, and May 31, we recoided 239 cases, oi 
about 9 2 per cent Pievious lecoids in the last two yeais appioximate 
this This figuies aie slightly highei than is wan anted by the real 
facts, as the number of peisons is made up from our monthly totals 
and involves a small oveilap 

The second species is one which masqueiades under the covei of 
Eiidamoeba dyscnteiiae, which it lesembles closely in many particulars 
It IS, indeed, included in some of the published figuies of cysts of E 
dysenteuae, as in those of Haitmann and Belar ' (1921) It may be 
lesponsible foi the belief that E dysenteuae sometimes goes to the 
eight-nucleated stage in the cyst, and that this species sometimes exhibits 
the appearance of budding It undoubtedly is being repoited as E 
dysenteuae for tieatment The extent to which its piesence in man 
and Its piesent confusion with E dysenteuae (large race) complicates 
the clinical pictuie of amebiasis and of amebic theiapy can be detei- 
mined only by prolonged study It is important that this species be 
recognized in examination of the stool and luled out of possible con- 
fusion with the laiger race of E dysenteuae, especially by ciitical, 
clinical and theiapeutic investigation and comi^aiisons of cases of pure 
infections by the two species singly The chaiacters of this species of 
Conncxhmma aie given in the following paiagraphs 

COUNCILMANIA DISSIMILIS, SP NOV 

The outstanding featuies of this species aie the heavy lateial blob 
of peripheial chromatin on the nuclear membianes, and the pre- 
dominantly dispel sed kaiyosomes in the matuied cysts, the occuiience 
of eight-nucleated cysts and the fiee budding of cysts m the feces and in 
fresh untieated cultuies 

The nucleus is typically spheiical, but seems to be subject to slight 
deformations to a somewhat greatei extent than m E dysentei me and 
to a smallei extent than in E gingtvahs The nucleai membiane is faint, 
especially in cysts and in the chromatm-f i ee paits of the wall Its chro- 
matin occurs in two legions, the peiipheial, applied to the nuclear mem- 
brane, and the kaiyosomal or cential, which usually is consideiably 
dispei sed 

The peripheial chromatin has a chaiacteiistic distribution Instead 
of being distiibuted ovei the inner suiface of the nucleai membrane in 
a thin layer, oi scatteied in small masses of subumforni or somewhat 

7 Hartmann, M , and Belar, K Die paras itischen Amoben des Menschen 
und der Saugetiere, in Prowazek, S von, and Holler, W Handbncli der patho- 
genen Protozoen, Leipzig, Barth, 37 fig in text, 1921, \ol 3, p 1295 
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Fig 5 — Cj'sts of councilmania dissimilis Kofoid from fecal smears Reduced 
xrom a magnification X 2210 Drawings by Mrs Dora Henry 

A, mononucleated C 3 st with large lateral asjmmetrically lenticular glycogen 
^acuole with stained nodal netw'ork, nucleus in early metaphase with eight 
undnided chromosomes, and slender linear intradesmose joining two polar 
masses derned from the lateral blob of peripheral chromatin Centrosomes, if 
present at the ends of the intradesmose, are not visible A single rod-shaped 
chromatoidal with ends lies below the nucleus 

B, nucleus only, from another mononucleated c^st with more advanced stage 
of diMsion of the chromosomes Note the differences in sire and state of 
diMsion 

C, mononucleated cjst in more ad\anced stage of nuclear division than figures 
a and b Slender intradesmose joins ends of the polar siderophil masses Single 
lateral gh cogen \acuole and single chromatoidal rod w'lth squarish ends 

D, binucleated c\st with lateral glvcogen vacuole, three chromatoidals, the 
largest with markedh asymmetrical subangular ends and deeplj'^ stained peripheral 
lay er , nuclei yy ith lateral blobs , chromosomes are yusible in right nucleus 

E, mononucleated cyst yyith single flattened asjmmetncal chromatoidal yvith 
subangular ends and dark peripheral layer Large glj'cogen vacuole and nucleus 
yyith lateral blob and some chromatin in strands on the membrane are present 

F, four-nucleated cyst yyith tyyo glj cogen yacuoles, tyvo rod-shaped chroma- 
toidals yyith asymmetrical subangular ends and peripheral siderophil layer 

G eight-nucleated cyst yyith chromophil cytoplasm emerging from pore 

H, binucleated cyst yyith amebula emerging Compare size of nuclei yvith those 
in figure g Probably the six amebulas haye alreadj escaped 
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varying size, as it is in £ dyscuto icic, it is found in C dissiuulis massed 
mainl) , or almost w holh , in one large lateral blob This single mass is 
crescentic in outline, and spans almost one half of the circumference of 
an optical section of a nucleus when the blob is in the plane of the sec- 
tion It may appear shorter than this, but in such cases it will be found 
usually that it is foreshortened by the obliquity of its position with 
reference to the focal plane Its greatest thickness ranges from 0 14 
to 0 30 of the nuclear diameter, and its width is somewhat greatei It 
stains intensely black because of its mass Its inner face may show 
evidence of indentation or subdivision When it lies on the upper or 
lower surface of the nucleus, it may be or erlooked 

In the relatiieh infrequent binucleated stage, the lateial blobs are 
reduced or even absent In some nuclei, there ma} be small accumula- 
tions of peripheral chromatin elsewhere than in the blob, which appear 
in optical section as thin blobs or scatteied granules applied to the 
nuclear membrane In some instances in motile forms m culture, the 
blob is considerably reduced in thickness, and the peripheral extension 
of the chromatin is increased The most sti iking feature of this species 
is the structure of the nucleus of the mature c\st with the heavy lateral 
blob and faint nuclear membrane elsewhere on the nuclear surface In 
the binucleated stage, because of its close juxtaposition to the preceding 
and following mitosis, the lateral blob is less m evidence 

The central kar}osome (fig 4, D-H) is composed of a numbei of 
discrete granules uhich m the nuclei of the matured cyst are often 
rather uidely dispersed EMdence of a clear halo is not found around 
the kar}osome as in E dysentenae (Kofoid and Swez} ®) or of the 
typical spheroidal state of the karyosome so characteristic of E dysen- 
tci lae This dispersal is striking!} similar m pattern to that desciibed for 
Conncilmania la flew i b\ Kofoid and Swezy (1921) and found by Kessel 
(1924) in C imais and C deciimam from rats and mice 

The number of nuclei in the C}st depends on the age of the cysts 
In some stools, mononucleated C}sts with large nuclei are abundant, 
manv m the piophases of mitosis In others, four-nucleated cysts 
predominate with few mononucleates and binucleates Less frequently 
and generally in stools with mature foui -nucleated c}sts, a few cysts 
with eight nuclei occur This number, as that of the foiii -nucleated 
cysts, IS reduced by budding and the successne escape of amebulas 
with nuclei from the cist in some instances Foui -nucleated cysts are 
frequently seen with prophases of mitosis in their nuclei 

We haie neier seen this increase in the number of nuclei from four 
to eight in the cists in Endamoeba dysentenae The cases, stools and 
smears in which the eight-nucleated cysts occui in C dissnmhs are. 


8 Kofoid and Swez} 1924, plate 17, figs 32-43 
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ho\\e^er, so infrequent that this feature is available onl} occasionally 
for diagnostic purposes in examinations of stools It is, however, of 
classificator} value as a mark of a distinct species 

The number of chromosomes in this species is eight The chromo- 
somes can be counted m the prophase as split, meridional, faintly stained 
structures on the nuclear membrane and at the late metaphase as 
bilobed or divided masses of unequal sizes The material of the lateral 
blob forms around the polar centrosomes and perhaps contributes to 
the faint intradesmose joining them 

The gl} cogen racuole is charactensticall) eccentiic m location, best 
seen at its maximum deielopment in mononucleated cysts, often con- 
tains thioughout its entire area in stained cjsts a fine reticulum with 
stained nodal granules and ma} fill nearl}"^ one half of the cyst It is 
as} mmetncally lenticular in contour and crowds close to the penpherj. 
It ma) be broken up into smaller areas of equal or laiying size with 
somewhat diffuse margins, often larger m the periphery of the cyst 
The lateral position of this lacuole is coi related with the crowding of 
the single nucleus to one side 

The chromatoidal substance typically stains a dense homogeneous 
black in iron hematox) lin, but in this species exhibits considerably more 
lariability than in E dysentcuae Black bordered chromatoidal bodies 
with paler centers are frequent, and washed out pale bodies also occur 
but without borders Likewise, there is rather more than the usual evi- 
dence of halos (or shrinkage'^) about these bodies 

The shape and size of these bodies ^ary greatly according to the 
phase of their formation, either near the surface of the large glycogen 
lacuole m the earl) period of their history or as slender rods in halos 
of solution in their last stages In the earliest phases they aie oval or 
as) mmetncall) ellipsoidal m outline, not oi er 2 to 2 5 times as long as 
w’lde, rounded but more or less as)mmetiical at the two ends and often 
flattened against the gl) cogen mass to a thickness half their width 
There ma) be oier forty such bodies crowded about the surface of the 
gl) cogen mass when it is large The number present in later stages 
decreases rapid!) , until m the four to eight nucleated stage there may 
be only from one to four present, and in the old cyst, none When the 
gl) cogen and the chromatoidal substances are small m amount and also 
as the c)sts with much chromatoidal substances age, there is often only 
a small number or a single large chromatoidal body The largest may 
be as long as the diameter of the cyst and 0 2 of the length m width, or 
short and stout, 0 5 as long as wnde, or even squarish In favorable 
Mews and probably m all cases, the two ends are as) mmetncal and 
smgl) or doubly oblique!) facetted wnth rounded angles The squarish 
and rectangular t)pes are usual!) flattened, the longer t)pes more 
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loundcd. Whatcvei the position, caicfiil focusing often leveals this 
teiminal asyinmetiy and angiilaiity ilicii last lemnants aie slendei 
lods 01 niegnlai flakes 

The piocess of budding of the cysts occuis fieely in the stool, as 
in C laflcuu Budding cysts aie found in ficsh sineais not undei the 
least external piessuie, in stained smcais, in cysts foiined in cultuie 
tubes, and the piocess of the escape of the amcbulas has been watched 
nndei the micioscope The poie thiougli which the budding amcbulas 
escape IS fiom 0 35 to 0 50 the dianictci of the nucleus of the foni- 
nucleated cysts The aica of the cytoplasm leading lowaid the poie 
stains a little moie deeply as though condensed, as may also that of the 
amebula outside of the wall of the cyst This daikei staining, as a 
lulc. It not so maiked as it is in C lafleui i Budding has been obseivcd 
In cysts with one, foui, and eight nuclei 

The cysts aie lathci unifoimly close to the sphciical foim, wheieas 
111 C laficun they tend somewhat moie towaid the bioadly ellipsoidal 


TAiiin 1 — Ranqc and Dianiclct of Cv^U m Cofc? of C Dt<;wmh'; 


Number 

RiinRO 

AvoniRo 

Dliimelcrs of ICNtremcs 

200"fl 

11 Otoll 0 

331 

11 0 by 13 3 

’■>2‘2JuO 

11 Oto 11 9 

13 1 

11 9 by 10 2 

03771 

11 Oto 11 0 

12 0 

13 3 by 10 0 

0J8S". 

13 3 to 10 G 

Id 1 

11 0 by 10 0 

71311 

11 0 to 10 0 

113 

n 0 by 119 


contoul The lange and aveiagc diamctci noted of ten cysts and the 
most extieme depaituie fiom the sphciical in five difleient cases of 
C (iis'ntmUs aie given in table 1 The diametei used when the cyst 
was not exactly sphciical was the longci one 

Couiialmamo is less fiequcnt in man than eithci C laflcnu 

01 C tenms In 7,746 examinations of about 2,587 peisons in my labo- 
ratoiy between Januaiy 1 and May 31, theie wcie eleven cases of 
infection, oi about 04 pci cent We have seen piobably moie than 100 
cases The cysts aie often abundant m the stool, not infiequently as 
many as five cysts may be seen in a single oil immcision field, indicating 
unusually heavy infections As in the cases of othei intestinal infec- 
tions, puie infections by this species alone aie laic It usually occuis 
with one oi moie of the othei commonci Pioio^oa It pcisists in vaiy- 
ing ficquency dining any pciiod of examination, and may dcciease 
maikedly oi even disappeai foi a time, and then letuin in the stools 
The giounds foi the specific sepaiation of this ameba fiom E 
dy<;p)Uc}ioc, with which it is at piescnt confused, aie piimaiily the eight 
chiomosomes as ovei against the six in that species, the distinctive 
laigc blob of chiomatin, dispeised kaiyosomc, eight nuclei in the cyst 
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and the frequenc\ of budding m the stool Clinical and ciiltuial 
grounds are gnen in the following parts of this paper 

The grounds for placing the organism in the genus Coimcihnaim 
are primarih the predominantK dispersed kar\osome, a feature of 
nuclear structure in the resting nucleus of the matured cyst wdnch char- 
acterizes all species of this genus The slight tendenc} to asAmmetr} 
or off-the-sphere shape of the C3st, the frequent budding process in 
the stool and the chromophil condition associated with budding are 
also de\ eloped in the other species of this genus In the genus Enda- 
mocba (= Entamoeba), the karAosonie is tApicalh solid and spherical 
Xeither chromophil ridges nor budding in the fresh stool has been seen 
b} us in what we regard as E cob or in E dyscntci lae This process 
must, of course, occur m those species also, m some form, wheneAer 
and AAhereAer the contents of the cyst escape, but this has not been seen 
liA us in stools either fresh or old or m stained preparations 

The relation of C dissinubs to the so-called large race of E dysen- 
tciiac is at present problematic It has thus far probabh been included 
in It In our OA\n material it Iia no means constitutes the AAdiole of it, 
though it does form a considerable sector of it. not less than 25 per 
cent Our extensne records and collection of slides had not been 
rcAicAAed on this point at the time this paper aaes AAntten It is of suf- 
ficient frequencA to enter into the problems of microscopic deter- 
mination of specific infections clinical obsenation symptomology and 
therapA of human amebiasis 

SUMMARY 

Nuclear structure in matured c}Sts of human intestinal amebas in 
fecal smears stained in iron hematoxAlin aftord a critical, easily aA'^ail- 
able and satisfactorA basis of specific determination of the different 
species occurring in man 

The nuclear structure is also aAailable as one basis for generic dis- 
tinctions Endamoeba has predominant!} nuclei AAUth a solid spherical 
karAOSome Counedmama has predominantly nuclei AAith a more or 
less dispersed karAosome in the nuclei of easily matured c}sts jMitotic 
and metabolic phenomena modif a the nuclear picture m the motile phase 
and m earh phases of the enc}sted stage 

There are tAA o amebas m human stools that haA e masqueraded under 
the coAer of other species because of resemblances to them Couned- 
mama femns (described b} Kuenen and Sw ellengrebel 1917, as Enta- 
moeba tenuis) belongs to Counedmama because of its dispersed karAo- 
some It has rather small 7 1 (from 3 1 b} 5 7 to 8 by 10 6) microns, 
somewhat asA mmetricall} rounded CAsts AAith one two four, and eight 
nuclei diffuse gh cogen Aacuole few rounded to short rod-shaped chro- 
matoidals nuclear membranes often deformed A\ith little or no periph- 
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eral chiomatm Cysts aie found budding fieely in fiesli stools 
Both cytoplasm and nuclei stain faintly There are motile stages with 
deal pseudopodia The peicentage in 2,587 peisons is 9 2 pei cent 
The second ameba, Coiinalmmua dissiimhs, has been confused with 
the laige race of Endamocba dysenfeime It has clear pseudopodia in 
life The glycogen vacuole is usually single at first, veiy laige, eccen- 
tiic and may show a stamable netwoik, but latei breaks up into smaller 
vacuoles The chi omatoidals aie large, often asymmetrically angled, 
but sometimes squarish Fifty cysts aveiage 13 micions in diametei 
and lange from 11 6 to 16 6 micions Some aie ellipsoidal The pei- 
centage of infection in 2,587 persons was 0 4 per cent The cysts are 
nearly spheiical, have one, two, foiii, and eight nuclei, with peiipheral 
chiomatm massed in one laige ciescentic latei al blob on the membiane, 
karyosome in matuie cysts, t 3 ^picaUy dispersed oi made up of large 
granules 

I am indebted to Miss Inez Smith, M A , examiner in my laboratory, for 
the first detection of the distinctive characteristics of Connnhnama dissumhs, 
to Olive Swezy, Ph D , and to Mrs Dora Henry, M A , for drawings of this 
species, to Miss Alfreda Kirsch, M A , for drawing of C tcinns and to the Board 
of Research of the University of California, to Miss Ellen B Scripps, and to 
other friends of the University for grants in aid of this research 



CULTURE METHODS, ENCYSTMENT AND EXCYST- 
MENT OF COUNCILMANIA DISSIMILIS 
KOFOID, IN CULTURE 

ENA A ALLEN, MA 

BERKELE\, CALIF 

Since Sept 25, 1925, for a peiiod of twenty months, Counabnama 
dissniiihs has been giown in Piofessor Kofoid’s laboiatoi} in mixed 
cultures with bacteria in vaiiotis kinds of mediums mentioned It 
glows abundantly in carefully made mediums at a constant tempeiatuie 
of 37 5 C , howevei, the abundance vanes with the different strains and 
eien with the same strain This would be expected, since the bacteiial 
floia IS nevei the same foi any two strains, and in the cultures of the 
same stiain theie is variation of growth of the bacteria because the 
different kinds of oiganisms present vary as to the time of then sepaiate 
lag periods, these, in tuin, affect the lag peiiod of the ameba 

Fiom the stools of six patients, ten separate strains of Coiinahuama 
dissnmhs Kofoid ha^e been obtained in cultures in the Protozoological 
Laboiatoiy of the University of California 

COMPARATIVE MORPHOLOGY 

C onncdmania dtssiindt<! continues to re\eal its moi phologic char- 
acteristics even after long cultivation in aitificial mediums, howevei, 
the large peripheral blob on the nuclear membrane of the resting 
nucleus, even though present, is not always as noticeable, since in cul- 
ture amebas the stain decolorizes moie easily than in nuclei of speci- 
mens in stools The lesting nucleus, as seen in figure 1, A, B, C, and 
D shows a linin network, like a spider’s web, ladiating out from the 
granular, dispeised karyosome This netwoik contains tinj chiomatin 
granules, one at each junction of the fibers In addition to the large 
cuived peiipheral blob, theie are often smallei blobs distiibuted on the 
nuclear membrane 

Man} division stages aie Msible on cultuie slides, and eight chiomo- 
somes ha^e been counted on a number of spindles in dividing amebas 
in cultures as shown in figure 1 D of a nucleus m the anaphase with 
eight pairs of chiomosomes This fact definitel} distinguishes C dis- 
suinlis from E dysentci me, which has only six chiomosomes (Kofoid 
and Swez} ^ 1925) 

Although the pseudopods appear clear and distinct fiom the granulai 
endoplasm in Ining amebas ^^hen stained the} show an alveolar stiuc- 

1 Kofoid A and Swezi Olive On the Number of Chromosomes and 
the Tipe of Mitosis in Endamoeha d\scntenae, 1925 
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ture snnilai to that of the main body of the ameba, but they stain lighter 
and show distinctly the boundaiy between endoplasm and ectoplasm 
(fig 1, A) 

Fif^vue 1, E and F lepiesent cysts of the same stiain pioduceci in 
cultuie a year and a half old The large nucleus shown in figure 1, E 
is not fai leinoved from the piecystic stage It leveals the same chai- 
acteiistics as the lesting nucleus of the motile forms The nuclei of 
the cysts aie similai to those in the oiiginal desciiption given by Kofoid, 
except in the smallei amount of chiomatin of the blob and kaiyosome 
These amebas in cultuie vaiy m size from 115 to 14 microns in 
diainetei in the encysted stage 



Fig 1 — Councilmania dissimilis Kofoid from cultures in vitro Reduced 
from a magnification X 3250 


A, motile form with hroadl}’- rounded pseudopods 

B and C, motile forms with resting nuclei Note the dispersed karj^osome, large 
curved peripheral blob in addition to smaller chromatin blobs on the nuclear mem- 
brane, also a network of hnm fibers radiating from the karyosome 

D motile form in mitosis with sixteen (eight pairs) of chromosomes at early 
anaphase Note also the ingested bacteria The delicate sigmoid line joining the 
polar centrosome is the intradesmose 

E, a precj'stic phase or early monoiiucleated cj'st with large resting nucleus 
with lateral blob and the two small chromatoidals A few bacteria still remain 
undigested even though the wall of the cj'st has formed 

F, a four-nucleated c\st with two asj mmetricalb pointed chromatoidals 
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MEDITjMS 

The following mediums ha^e been used to good ad^antage Locke s- 
egg-albumin, Locke s-egg-sei um, Locke’s-sei um, Locke’s-egg-blood and 
V ogel s - starcb-agai slants with buttered Ringei s oi Locke’s solu- 
tions added to them The Locke’s solution used is the modified foimula 
gnen b} Kofoid and Wagenei , ^ the\ also added 0 5 i^ei cent defibim- 
ated blood to the Locke’s solution used in coveimg the egg slants For 
the Locke’s-egg-blood medium, rat and labbit blood have proA^ed satis- 
factory, but rabbit blood is prefeiable, since it is moie easily obtained 
in large quantities Human, beef and labbit serums have been tiled 
In the seium mediums used, the amebas aie gianular and extremely 
Aariable m size Human serum ga\e better lesults than an} of the 
other serums 

Drbohlav’s foimula Ringer’s solution plus 1 pei cent dextrin is 
valuable for eliminating Blastocyshs hominis and some flagellates such 
as CJuloniasfn davainci and Enteiomoiias homnus, it also helps in 
eradicating some undesirable amebas 

COMPARATIVE EXPERIMENTS OE COUNCILMANIA DISSIMILIS AND 
ENDAMOEBA D\SENTERIAE IN VARIOUS MEDIUMS 

Cultures of Conncihnania dissmuhs and Endamoeba dysentei me in 
the laiious mediums aheady mentioned, haie been compared fiom time 
to tune, during a period of fifteen months In spite of many A^ariables 
m these cultures, mixed ivith bacteria, some striking dififeiences have 
been noted in three difterent strains of each kind of these amebas, all 
stiains of each species giving the same characteristics foi each experi- 
ment 

Coiincdmama disswidis grows ivell indefinitely m Locke’s-egg- 
albumm, while Endamoeba dysenteiiae flaies up, inci easing consider- 
abl} in numbeis for the first twent}-foui hours of the first transplant, 
it then continually decreases and many amebas die, until at the end of 
fort} -eight hours theie aie fewei amebas than were originally put into 
each tube This leases a smaller number of amebas for the second 
transplant This i eduction continues from tiansplant to transplant 
until the amebas die out entireh by the end of tivo oi thiee weeks m the 
fortA -eight hour interAal 

2 Vogel, H Ueber Kulturen der Ruhramobe und deren Beeinflussung 
durch Yatren, Arch f Schiff-u Tropen-Hjg 31 74, 1927 

3 Kofoid, C A , and Wagener, Edna Hannibal The Behavior of Enda- 
inoebae Djsenteriae in Mixed Cultures AAith Bacteria, Univ Calif Pub Zool 
28 127, 1925 

4 DrbohlaA, T Culture d Entamaeba cob Ann de Parasitologie 3 364 1925 
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Couiicihiiawa dasiiuihs also giows much bettei in Locke s-egg- 
serum than Eiidavwcba dysenfenae C dissiimhs peisists foi a mnch 
longei time in tins medium than E dysenteuae, winch fails to lepio- 
duce aftei the fiist flaie-up and giadually dies out Of the many tubes 
cultuied, nine of C drswmlis to one of E dysenteuae lepioduce well in 
twenty-foui houis Foi the first foity-eight houis, howevei, there aie 
twice as many positive cultuies of E dysentoiae as in twenty-four 
houis, so the ratio at the end of foity-eight houis is on the aveiage of 
nine tubes of C dusiimhs to two tubes of E dysenteuae Aftei a few 
tiansplants, only C dtsswiilis suivives Human serum was used foi 
these experiments, and appi oximately the same number of amebas weie 
put into each tube foi each expeiiment 

ENCYSTMENT 

Since twenty-foui houi cultuies contain moie amebas than those 
foity-eight houis old, it was believed that by tiansplanting eveiy day 
foi a time, it would be possible to obtain the entiie life cycle of Conncil- 
mama disswuhs It was thought best to use Locke’s-egg-blood medium, 
to have fresh rabbit blood on alternate days and to tiansplant eveiy 
day for thiee da)^s, obsenations of lesults to begin on the fouith day 
aftei making anothei tiansplant Since the blood medium produces 
conditions appioximating more neaily those existing in the human 
body. It was chosen m prefeieiice to that containing egg albumin 
Obseivations on the amebas weie made on cultuies fiom one to foity- 
eight houis old, both fioin peimanent slides and fiom mounts m iodine 
eosin 

This expeiiment has been perfoimed four difteient tunes Twice 
strains of Endainoeha dysenteuae were used by wa}'’ of coinpaiison in 
addition to cultuies of Councilmania dissnmhs Foi these experiments, 
five diffeient strains of Councilmama dissiimlis and thiee dififeient 
strains of Endanweba dysenteuae have been used 

In eveiy expeiiment, encystment lesulted in cultures of Councd- 
mama dissinnhs Cysts of Endainoeha dysenteuae weie not found in 
any tubes 

EXCYSTMENT 

The stool mateiial fiom which nine of the stains weie cultuied con- 
tained many c} sts and few motile forms, two of them did not appeal to 
have aii}^ motile foi ms In each case, piolonged seaich did not reveal 
cysts in the cultuies by the end of foity-eight houis aftei the oiigmal 
inoculation, but numeious active amebas weie present 

Cultine c}sts pioduced in the foiegoing experiments also excysted 
if allowed to lemaiii ni the incubatoi without being distuibed for about 
foitj^-eight houis aftei foiination Budding cysts have been found in 
oiiginal mateiial and in cultuies fiom time to tune 
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su:mmary 

1 Ten stiains of Councilmama disstmihs have been cultured in 
Aanous mediums, principally m Locke’s-egg-blood and Locke’s-egg- 
albumin It also glows m seium without slants accoiding to Craig’s^ 
method This ameba has been cultured for the past twent)'^ months in 
this laboratoi} Cultures of C dissiimhs compaied with those of E 
dysoitci tae show that both amebas glow equall) well m Locke’s-egg- 
blood , whereas in Locke’s-egg-albumin, C dissniiilis grows indefinitely 
but E dysenteiiae dies out after a few transplants The latio of sur- 
M\al of C dissimdts and E dysente) lae m Locke’s-egg-serum is nine 
tubes of tbe former to two of the latter foi the first foity-eight hours 
C dissnitihs will also peisist foi a long time in Locke’s-egg-serum, and 
E dyscntcuae lives in it for only a few transfeis 

2 Encystment of Coiincdmamo dissivulis has been pioduced in cul- 
tures by daily transplanting into Locke’s-egg-blood, using only fresh 
blood These same methods have failed to pioduce cysts of Endamoeba 
dyscntc) me in our cultures 

3 Excystment of C dissnmhs has been pioduced from specimens 
of stools in culture and from cysts that weie expeiimentally developed 
in cultuies 

4 Coitncdmanm dissiindts in cultuie has eight chiomosomes, a 
laige curved peripheial blob and a dispeised karyosome, which are not 
characteristics of E dy^cnfc) me 

5 Craig, C F A Simplified Method for the Cultivation of Endanioebae 
Histohtica, Am J Trop Aled 6 333, 1926 



PRESENTATION OF CASE OF INFECTION WITH 
COUNCILMANIA DISSIMILIS KOFOID 

L M BOYERS, MD 

BERKELfi, CALIF 

The following case lepiesents one of the few relatively simple infec- 
tions with Blast ocystis, Giaidia entoica, the thiee species of Coitnal- 
mama and Endolwiax iiam It offers the advantage of not having an 
admixtme of Eiidamoeba dyscnteitae or Endamoeha coh infections 
Theiapeiitically, it is inteiesting because of the susceptibility of Giaidia 
enfetica, Couiicilmama lafleiiu and Counalmama tenuis to full doses of 
antimony tiioxide and the lesistance of Coimcilmama dissnmhs to this 
medication It is also inteiesting to see both Conncdmama disswuhs 
and Eiidohmax nana disappeai aftei doses of stovarsol It is to be 
boine in mind that we feel it is too eaily to judge of the thoioughness 
of the eiadication, and that lechecking of the physical and laboratoiy 
obsenations is necessaiy foi a peiiod of two yeais befoie a piesumptive 
“cuie” can be gi anted At present, the return of a large mononucleai 
count of 8 per cent suggests that the eiadication is possibly not so com- 
plete as the examinations of the stool would lead one to believe 

REPORT OF CASE 

A man, aged 38, white, married, who presented himself in July, 1926, said 
that a definite pain in the upper portion of the left side of the abdomen came on 
after attending a picnic in May, 1924 The pain continued, but remission 
occurred for periods as long as six, eight or ten months There had not been 
complete relief since December, 1925 Birth had been normal, the patient had 
heard that his mother was lacerated at confinement He had been breast fed 
for the first nine months of infanc)'- During childhood he had had whooping 
cough, measles, chickenpox and scarlet fever, but he had not had especially 
severe attacks At 17, he had three severe attacks of appendicitis, the last 
ending in operation with drainage Drainage caused a hernia, which was 
successfully repaired His tonsils were “clipped” and later enucleated A 
deviated nasal septum was repaired in 1911 He had had a light attack of 
influenza m 1918 He did not sa}’’ that he had had venereal disease 

Residence for a period long enough for the eating of a meal had included 
France, Italy, Switzerland, Germany, England, Canada and practically all of 
the states of the United States The father died at the age of 62 of cancer — 
“beginning in the neck” The patient could not be more specific The mother, 
aged 63, on whom hysterectomy had been performed, was alive and well One 
brother was alive and well 

Two sisters were alive— the elder was well, the younger had pulmonary 
tuberculosis and had recently had a collapsing operation of the chest 

The patient’s wife, slightly 3 ounger, was alive and well after treatment for 
Couucihnaiua infection Two small sons, aged 3 j^ears and 6 j^ears, were alive 
and well The elder son had had moderate adenopathy of the neck 
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The patients status \\as as follows The appetite was excellent — the patient 
said “too good” The digestion was normal, that is, food did not cause 
distress The bowel habit had been one e^acuatlon about every thirU-six 
hours Recenth, it had changed to one e\acuation everj twentj-four hours 
There was seldom mcturia The patient slept soundlj, not less than eight 
hours — and rose refreshed He estimated his muscular strength at normal 
His weight had not changed much in a a ear, but he thought that it might be 
increasing slightlj He w'as not especiallj nervous, although he had been 
depressed occasicmalh during the past jear He considered his sexual pow'ers 
normal, or but slightly below' normal 

E'xaimnatwn — The phvsical examination revealed a well nourished man, 
aged 38, with a temperature of 98 F The pulse rate w'as 84, the respiratory 
rate A\as 16 plus, and the blood pressure w'as 174 sj'stolic and 104 diastolic 
These rates w'cre normal and w'ere taken w'hile the patient w'as in a supine 
posture He was 68j4 inches (173 9 cm) in height and w'cighed 146 pounds 
(662 Kg), his previous maximum w'eight being 152 pounds (68 9 Kg) The 
hair, skin and vertebral column w'ere normal The ej'es Avere normal, and 
glasses Avere Avorn only occasionally The conjunctiA'ae AA'ere slightlj' and 
chromcallj' injected A few' small meibomian CA'sts Avere present The mus- 
cular moAements and light and accommodation reflexes Avere normal 

The drum of the left ear Avas definitely sclerosed , the drum of the right 

normal 0 

ear AAas normal The hearing A\'as as follows Right , left — 

normal 0 

The airw'ajs of the nose Avere narroAv There Avas a slight chronic rhinitis 
The teeth AAcre aacII preserved and Avell kept There Avere a fcAv small gold 
fillings The tonsils had been remoAed The pharynx shoAAcd a chronic 
inflammation AAitli dilated A'essels and a mild “blobbing” of the mucosa The 
neck AAas normal The shape of the chest Avas symmetrical The antero- 
posterior diameter AAas less than normal, resulting in a flattening 

The mammae and nipples Avere normal The lungs did rot shoAV signs of 
actiAitj' of any pulmonary lesion Observations from inspection, palpation, 
percussion and auscultation AA'ere normal The point of maximum impulse 
of the heart AAas Avithin normal limits in the fifth interspace The area of 
cardiac dulness AAas of normal size The heart sounds Avere normal 

Examination of the abdomen revealed an old appendectomy scar Avith evi- 
dence of repair The liver Avas from 17 5 to 19 5 cm in diameter in the right 
midclaA icular line The edge of the IiA'er Avas palpable from tAVO to three 
fingerbreadths beloAV the costal margin The spleen AAas not palpable The 
cecum Avas slightly sensitive on palpation The area of the sigmoid colon Avas 
sensitiAe on palpation The left flank Avas also sensitive to pressure on palpa- 
tion The inguinal areas Avere normal The genito-urinary system shoAved 
normal conditions 

The nail of the great toe on the right foot Avas nodular There Avas a 
small scar OAer the left patella The patellar reflexes Avere equal and normal, 
and the anterior and longitudinal arches Avere normal 

On entrance to our serAice, examination of a single specimen of urine 
taken in the afternoon shoAAed that it AAas amber and clear AAith a specific 
gravitA of 1022 The reaction AAas acid There AA'as a faint trace of albumin 
AAith the heat and acetic acid test Benedicts test did not reveal dextrose, 
indican AAas not found 
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Mtaoscopic Examination —E:^3.mm3.tion of a centrifugalized specimen revealed 
occasional leukocytes, one hyaline cast, no cystals, an occasional squamous 
and spherical epithelium, and no red blood cells or bacteria 

A recheck of the urine one month later did not show any albumin 

A recheck of the urine eleven months later showed a light amber, clear 
specimen, 2,440 cc in twenty-four hours, with a specific gravity of 1 012 The 
reaction was slightly acid No precipitate of albumin occurred with heat and 
acetic acid test Neither dextrose nor indican were found There was 29 2 Gm 
of urea 

Microscopic examination of a centrifugalized specimen revealed an occa- 
sional leukocyte, no casts or crystals, an occasional squamous, and spherical 
epithelium, no red blood cells or bacteria 

The serological observations during blood Wassermann test were as follows 

cholestennized beef heart antigen, ( ) , acetone-insoluble antigen, 

( ), and alcoholic extract antigen, ( ) 

Examination of the blood on entrance to the hospital revealed erythrocytes, 
5,075, per cubic millimeter, morphology, normal, immature and degenerate 
types, none, hemoglobin (Dare method), 90 per cent, color index, 09, and 
leukocytes, 9,400 per cubic millimeter 

The differential count revealed neutrophils, 56 3 per cent, large mononu- 
clears and transitionals (combined count), 8 per cent, lymphocytes, 35 3 per 
cent, eosinophils, none, basophils, 033 per cent, immature and degenerate 
types, none, and blood parasites, none 

A recheck of the complete blood count three months later showed erythro- 
cytes, 5,000,000 per cubic millimeter, morphology, normal, immature and 
degenerate forms, none, hemoglobin (Dare method), 88 per cent, color index, 
0 8, leukocytes, 8,800 per cubic millimeter, neutrophils, 50 per cent, large 
mononuclears, 5 per cent, lymphocytes, 443 per cent, eosinophils, 033 per 
cent, basophils, 033 per cent, immature and degenerate types, none, and 
parasites, none 

A recheck of the complete blood count eleven months later showed erythro- 
cytes, 5,010,000 per cubic millimeter, morphology, normal, no anisocytosis , 
immature and degenerate forms, none, hemoglobin (Dare method), 90 per 
cent, color index, 09 and leukocytes, 8,800 per cubic millimeter 

The differential count revealed neutrophils, 513 per cent, large mononu- 
clears, 8 per cent, lymphocytes, 4 per cent, eosinophils, 033 per cent, basophils, 
033 per cent, immature and degenerate types, none and parasites, none 

Bactenologic studies of the feces two months after entrance to the hospital 
showed consistently in three different examinations only lactose fermenters 
Six months after entrance, culture gave acid in lactose A week later, a gram- 
negative, nonlactose fermenter was picked up with the following reactions and 
description gram-negative rod, nonlactose fermenter, arabinose, plus, maltose, 
plus, mannite, plus, xylose, plus, dextrose, plus, sucrose, plus, salicin, plus, 
milk coagulated, hydrogen sulphide, plus, nitrates reduced and indol An 
autogenous vaccine was prepared from this organism 

Stgmoidoscopic Evaminattons — Examinations were made on the following 
dates with the recorded results indicated 

July 24, 1926 Dilated vessels moderate “blobbing”— meaning by this 
term a heaping-up process, a coarse granulation, such as one sees in the post- 
pharymgeal wall in the presence of a chronic inflammation, mucus (free) A 
diagnosis of chronic colitis was made 
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Julj 26 Hjperemia, dilated vessels both fine and moderate in size, a 
moderate scattered “blobbing” A diagnosis of chronic colitis was made 
September 16 H 3 peremia, dilated ^essels, definite scattered “blobbing” 
A chronic colitis vas diagnosed with little evidence of recession 

April 19, 1927 Dilated vessels, coarse “blobbing” A diagnosis of chronic 
colitis was made The principal evidence of recession lies in a diminished 
hj'peremia 

Evaminatwns of the Stool — Examinations of the stool in this case were 
made bj Professor Kofoid and Miss Virginia Hall at six different intervals, 
with a total of tw'enty-nine stools shown in table 2 

TECHNIC OF SIGMOIDOSCOPY 

The instrument, a specially built Cameron sigmoidoscope, wuth an excellent 
telescopic attachment, is lubricated w'ell and gentb" inserted, pointing at first 
at the patient’s umbilicus The only preparation is evacuation The results 
are read ahead of the distal end of the instrument, and inflation occurs only 
spontaneously at atmospheric pressure With care and the exercise of patience, 
the instrument can be inserted easily in many cases as high as 14 to 17 inches 
(35 4 to 42 55 cm ) from the anal splimeter In some spastic cases, a single dose 

Table 2 — Examination of the Stool 



Number of 
Stools 


Organisms, Number of Stools Infected 



Blasto- 

Giardia Councilmania 

0 

0 dis- 

\ 

Endolimns 

Dnte 

Examined 

CJ stis 

enterica 

lafleun tenuis 

similis 

nana 

July 7 10, 1920 

5 

4 

1 

2 

1 

2 

2 

Julj 23 29 

6 

6 

0 

1 

2 

3 

5 

August 4 S 

0 

1 

0 

0 

0 

1 

1 

August 21 

1 

0 

0 

0 

0 

0 

1 

Tebruarj 15-21 

0 

4 

0 

0 

0 

4 

2 

April 25-28 

5 

1 

0 

0 

0 

0 

0 


of morphine sulphate (one-eighth gram [0 008 Gm ] to one-sixth grain 
[0 010 Gm ] w'lth atropine sulphate one tw o hundredth gram [0 0003 Gm ] 
hjpodermicallj injected) or a day’s medication w’lth benzjd benzoate (20 drops 
m w'ater every four hours for twentj^-four hours) is needed as preparation 
Occasionally some grade of prolapse of the rectal mucosa or even a mild 
redundancy makes insertion more difficult 

The use of the customary inversion table, breathing by the patient as 
directed, inflation m rare cases, help one m these more difficult cases 

A few of the English writers have somewhat doubted the necessity of the 
inversion table — m our experience it is invaluable, and its use is the first step 
m converting sigmoidoscopy from an uncertain and obscure and coarse 
procedure into one to which the most sensitne patient can be subjected with 
precision 

Examination for intestinal parasites show'ed onl> the occurrence of 
Connciltnama dissimihs 

TREATMENT 

The first treatment tindei taken was with antimony trioxide, chem- 
icall} pure, given in gelatin capsules in a dose of 2^ grams (0 162 Gm ) 
three times a day after meals, the fiist week — then increased to two cap- 
sules three times a day after meals, till the total quantity of 300 capsules 
tvere taken 




BOYERS— COUNCILMANIA DISSIMILIS 583 

In using antimony trioxide, ^^e have found it necessary to test all 
material for the presence of arsenic A number of batches of the drug 
have been discarded because of the presence of minute traces of arsenic 

Because of the chronic colitis present, installations of lodoxy quinoline 
sulphonic acid (1 75 Gm in 250 milliters of water at 105 F ) were begun 
and given every forty-eight hours till sixty-five doses had been given 

Two months after entrance, sodium cacod}'late in 13 per cent solu- 
tion in 1 milliliter doses was given hypodermically two to three times a 
week 

A recheck of tlie feces four months after the patient’s entrance to 
the hospital showed again the presence either anew or continued of 
Co 2 iahnanm disstmilis 

As Counalmama lafleuu, in our expeiience, has been readily suscep- 
tible to antimony trioxide, we decided with this Councilmama disstmilis 
to use cetarsone stovaisol (3 ace)i:lamine, 4 hydroxy-phenylarsomc acid) 
m the original tablet, in dose of 0 25 Gm , the total number being 30 
One tablet was given tivice a day during the first day, then one tablet 
three times a day after meals, with ^^ater fieely, till all were taken 
Contrary to possible expectation, there was no reaction to this form of 
arsenic 

Occasionally we have used these tablets ciushed and put up in 
enteric coated capsules — i e , coated with phenyl salicylate It was more 
with the idea of minimizing the iiritation caused by the gastric mucosa 
that the enteric phenyl salicylate coat was used, since they do not act 
in an acid medium, but rather in an alkaline one Raiziss ^ of the 
Dermatological Research Laboraloiy of Philadelphia is responsible for 
this statement 

It IS curious that while this patient showed a trace of albumin in his 
urine on entrance, there w^as no evidence of initation following the use 
of the acetarsone Many other patients, however, have shown definite 
evidence of irritation after moderate use of it 

The reactions in one instance in a man weighing betw'’een 150 and 
165 pounds (68 Kg to 74 8 Kg ) ivere of the mtritoid variety and 
occurred after the ingestion of one-half tablet or 0 125 Gm of acetar- 
sone The rest of the unfavorable reactions were of the type inci- 
dental to poisoning with arsenic A maculai lash of skin and mucous 
membrane, fever, intense aching and desquamation occurred 

A woman suffering from arthritis deformans and of about 150 
pounds weight, had intense desquamation from head to foot after a 

1 Raiziss and Gayron Organic Arsenical Compounds, New York, The 
Chemical Catalog Company, Inc, p 360, J Am Chem Soc 43 583, 1921 
Farb M L, and SUSP 1077, 462 Christiansen J Am Chem Soc 44 * 
2340, 1922 
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dosage of 025 Gm (1 tablet) daity for fi^e days This patient’s 
enlarged li\er and inabiliU to gam weight on fats was suggestive of 
hepatic mcompetenc} This suggestion became more certain when 
the arsenic did not cause so brisk a reaction 

COMMENT 

A discussion of this case of Coiincilmania dissiimUs infection should 
emphasize a few simple points 

In the first place, contrar\ to the majorit)'' of infections with Enda- 
moeba dysenteiiae of such long standing, the enlargement of the liver 
is not pronounced In the presence of Endainoeba dysente) me infections 
of this standing it is common to find livers with a midclavicular 
diameter of the right lobe of from 21 to 27 cm , and a projection of the 
edge of the liver belo^\ the costal margin of fiom three to five finger- 
breadths 

The other notable observation has been m the percentage of laige 
mononuclears m the blood count We found 8 per cent, early, and 
after some treatment, 5 per cent Our last percentage, taken recently, 
was again 8 per cent A relatne increase m the percentage of large 
mononuclears is common and seems to be present rather consistent!} 
m both Endainoeba dysentei lae and the various Conncilnmma infections 
The occurrence of a chronic colitis is characteristic of both Council- 
mama and d}sentery amebic infections It is difficult to differentiate 
between the two clmicall}, and one usually has to avail himself of the 
history and the behaMor of the Iner as checks m order to form an 
opinion as to whether the case is clinically one of Councilmama infec- 
tion or one of infection with Endainoeba dysenfeuae 

In regard to the bacterial commensals, we have found it of advan- 
tage to classify them first as to whether or not they are lactose fer- 
menters and then also to decide whetner they fall within the putre- 
factne or the saccharoh-tic group For the time being, that is within 
the last nine months, since October, 1926, we have been making autog- 
enous Aaccmes from the nonlactose fermenters Occasionally, how- 
ever, we have made autogenous vaccines from the lactose fermenters 
for treatment m these cases of chronic colitis 

Nine months’ experience Mith this ty^pe of vaccine therapy as an 
adjunct m the care of these patients has hardly justified an opinion, but 
It can be stated that we haA e seen m this length of time a sufficient num- 
ber of patients benefited by the accme therapy to warrant our continu- 
ing the labor and exj)ense of our work 

It IS not uncommon to find a patient improving after the eradication 
of Ins protozoan infection and finding some degree of his symptom 
complex continuing In addition, the patient m this case has continued 
to improi e on A accme therapy until complete recovery has occurred 
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In regard to the use of lodoxy quinoline sulphoiiic acid, it is inter- 
esting to note that we hare had four )ears of experience with it in 
Berkeley, and that ue have not seen any case that convinced us of its 
ability to eradicate well established infections with either of the thiee 
species of Coiinalmanm or with Endamoeha dyscntci lae 

I hare found it an excellent adjunct, horvever, in the treatment of 
patients rvith chronic colitis, rvhich is so preralent, and have found it 
much more efficacious than quinine solution, the ranous oils and other 
lemedies 

It IS, horvever, by no means innocuous in its properties We have 
seen a number of persons shorv definite and intense irritation of the 
borvel as a result of its use We har e also seen a series shorvmg th} - 
roid hyperactivity from the use of lodoxy quinoline sulphonic acid 

We feel from our orvn experience that it is not a drug to be trusted 
rvithout adequate obserration of the patients It is an efficacious 
adjunct in the treatment of patients rvith amebic infection and the 
accompan} ing chronic colitis, but is not a fii st-class eradicator 

SUMMARY 

This case of infection rvith Gia; dia and the three species of Council- 
mama is interesting, first, because it presents a definite symptomatology 
The host to these paiasites is ill Theie is genuine subjective and 
objective evidence of it The clinical behavior is somervhat like that 
111 cases of chionic amebiasis in the temperate zone due to infection with 
Eiidamoeba dysenteriae Horverer, it is difterent qualitatively There 
is, apparently, less invasion of the upper digestire tract There is not 
a measurable increase in the size of the liver 

The therapeutic behavior has been discussed in the opening para- 
graphs 

From the patient’s point of vierv, his gain has been in the disappear- 
ance of discomfort, inciease m muscular and nervous vigor, absence of 
mental depressions and increased ability to meet the strain of his work 
He sums it up by saying that he has not felt so well in at least three 
3’ears 

From the clinical point of view, the gam has been the receding of a 
chronic inflammatory condition of the colon 



VARIATIONS IN THE REDUCING POWER (SUGAR) 
OF NORMAL HUMAN BLOOD- 
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Although the literature contains numerous determinations of the 
blood sugar in man, it seems to us that for some reason most of this 
material is unsatisfactory for the purpose of establishing a norm or 
reference le\ el We agree with Gray ^ (1923) that “Standards should 
he founded not only on a careful examination of a few persons, but on a 
statistical analysis of many persons " His search of the literature 
yielded only L\o series of blood sugar determinations which he con- 
sidered long enough for statistical treatment, and we find that only few 
satis factor}’’ series ha-\ e appeared since his paper was written 

Many of the longer series which have been published are based on 
hospital material, and although we may be told that the patients were 
under treatment for conditions wdiich were presumed not to have any 
effect on the blood sugar, the fact that they w’ere under treatment at all is, 
in our estimation, sufficient to exclude them from consideration as 
normal subjects Determinations made on convalescents are open to the 
objection that one cannot properly evaluate the effects of prolonged and 
enforced rest (Riddle and Honeywell,- 1923-1924), a modified or per- 
haps restricted diet and the medical or surgical treatment previously 
undergone Moreover, it \vould be extremely difficult to duplicate such 
a series should one desire to test the basis of an}’ conclusions ivhich the 
authors may ha^ e draw n 

Those series which aie based on normal men are usuall} short, and 
w’hile the subjects ma} be considered as normal in the sense that they 
do not ha^ e any apparent disease, they often differ w idely in age, activity 
and habits of Ining Frequently the subjects and their prepaiation for 
the test are not described In none of the w’ork w’hich has come to our 
attention is thei e any attempt to show that the results are truly represen- 
tative of the general field from which the observations were drawn 

In the present research, attention was directed to the follow’ing 
points 

(1) The establishment with a fair degree of precision of a blood 
sugar norm, or reference le\el wdiich presumabh could be duplicated 
in other laboratories 

*From the Department of PhjsioIog\, Columbia Universitj 

1 Grai, H Blood Sugar Standards in Conditions Neither Normal Nor 
Diabetic Arch Int )Med 31 241 (Feb ) 1923 

2 Riddle, O, and Hone\\ ell H E Am J Plnsiol 57 333, 1923 
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(2) Deteimination of the minimum number of observations neces- 
saiy to establish a significant senes, i e , a series which would be repre- 
sentative of this general field, within piedictable limits 

(3) Investigation of the constancy of the blood sugar level in a 
group of normal peisons, a point which has often been stiessed in the 
hteiature We wished to test this constancy on unifoim material under 
carefully standardized conditions 

(4) Determination of the optimum type of series which would most 
truly represent the field, e g , whether for this purpose it is more desir- 
able to make twenty-five observations on one subject or one observation 
on each of twenty-five subjects 

Our subjects weie normal, healthy young men and women, students 
in the medical school, who volunteered for the woik, and who weie thor- 
oughl}' familiar with the lequiiements of the research and the technic 
involved so far as it concerned them They came to the laboratory with- 
out breakfast and lested comfoitably on cots for from twenty to thirty 
minutes before the taking of the blood sample At the end of the rest 
peiiod, a superficial vein in the bend of the elbow was selected and a 
tourniquet applied to the upper arm, immediately about 2 5 cc of blood 
was diawn into a syringe containing a small amount of dry sodium 
oxalate With this technic, clotting did not occur In this connection, 
It may be observed that a clean, sharp needle of lelatively small size 
(24 gage) makes for quickness and ease in obtaining the sample with a 
minimum of discomfort to the subject None of the subjects gave any 
indication of apprehension, feai oi maiked discomfoit at any time 
during the peiiod All the samples were secured between 9 and 10 a m 

Blood sugai detei minations neie made in duplicate, the Shafter- 
Hartmann^ method (1920-1921) and the conversion table of Duggan 
and Scott ^ (1926) being used All the detei minations weie made by the 
same analyst, who was thoioughly familiar with the technic, and varia- 
tions in the technical results weie insignificant in comparison with the 
physiologic vaiiations 

Our fiist senes consisted of 141 observations, each made on a dif- 
ferent person The mean age of the subjects was 23 yeais, with a mean 
deviation of ± 3 4 years, the mean weight (132 subjects only) was 
68 5 Kg , with a mean deviation of ± 10 3 Kg When occasion requiied 
that moie than one sample be taken fiom a peison, only the initial sample 
was included in this senes, so that the lesults are compaiable in this 
respect The raw data aie presented in table 1 in the older in which the 
observations weie made 


3 Shaffer, P A and Hartmann A F J Biol Chcm 45 365, 1920 

4 Duggan, W F , and Scott, EL J Biol Chem 67 287, 1926 
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To show that this senes actualh represents the general field within 
the limits of precision which we claim, and to deteimine whether a 
shorter senes would have accomplished the same purpose with a satis- 
factory degree of precision, these data were submitted to the analytic 
treatment described by one of us (Scott,® 1927) The senes of 141 
observations was divided into component senes of 5, 10, 20, 28, 35 
and 47 observations each The means (M), mean deviations (e) and the 
mean deviations of the means (cai) of these series weie then computed, 
and are presented m their natural order in table 2 The characteristic 
€m for each group of series of a given number of observations was then 
determined by two different methods In the first method, it was pre- 
sumed that € foi the series of 141 did not diffei from e for a series of 


Table 1 — Ra-jj Data of 141 Blood Siigat Obsovahous made on 
141 Medical Students'^ 
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94 
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110 
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89 

89 

89 

94 

99 
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88 

97 
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92 

97 
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84 
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93 

94 

93 

91 

96 
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96 

82 

102 

88 

93 

102 

102 

101 

96 

97 
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94 

110 

102 

102 

94 

96 

109 

92 

82 

105 

98 

106 

92 

98 

91 

97 

99 

98 

82 

89 

91 

89 

102 

98 

94 

89 

102 

83 

99 


87 


Menn 97 

Mean deviation 7 0 


* The observations are presented in the order in nhich they -were made 


an infinite number of obserA^ations by an amount which was physio- 
logically significant Theiefore € for the 141 obseivations was divided 
by the square root of the number of observations which was character- 
istic for the series of each of the groups The quotients were considered 
as the “true” cm’s for series of the respective lengths (table 3, column 4) 
In the second method, the cm’s foi each group were derived empirically, 
by considering each M of the group as an original observation and 
determining e foi these means by the foimula 



The results are presented in table 3, column 5 It will be seen that in 
e^ery case the empirical eji is greater than the “true” by appioximately 


5 Scott, EL J Biol Chem 73 81, 1927 



PIERCE-SCOTT—REDUCIA'G POWER OF HUMAN BLOOD 589 

12 In making predictions, this fact must be taken into consideiation 
Safe predictions cannot be made with the piecision indicated by a strict 
interpietation of the theory of probabilities, and to make safe prediction 
with a 95 per cent probability one should add 2 4 to twice the mean devia- 
tion of the mean or make other allowance for this discrepancy 

The mean deviations of the mean deviations (cg) were calculated 
in a manner similar to that employed for the empirical cm’s, except that 
the e’s of each group were now treated as the original observations The 
value Eg, measures the variation of € in a manner similar to that in which 
the variability of M is measuied by €m Before a series can be considered 


Table 2, — The Means, Mean Deviations and the Mean Deviations of the Means of 
The Component Senes of the Giand Senes of 141 Blood 
Sugar Obsei vations 



Group I 



Group II 



Group IV 


28 Senes of 5 Each 

14 Senes of 10 Each 

5 Senes of 28 Each 

JI 

€ 

«J£ 

M 

£ 


M 

€ 

e-ii 

91 

76 

33 

97 

10 8 

34 

96 

84 

16 

102 

95 

42 

96 

89 

28 

100 

68 

13 

92 

71 

32 

96 

41 

13 

97 

76 

14 

98 

10 4 

46 

100 

50 

16 

93 

49 

09 

or 

43 

19 

102 

95 

30 

94 

49 

09 

96 

42 

19 

99 

44 

14 




98 

67 

30 

93 

42 

1 3 




101 

28 

13 

92 

69 

22 




98 

106 

54 

119 

24 

53 

102 

94 

80 

63 

25 

17 


Group V 


100 

56 

25 

95 

49 

15 

4 

Series of 35 Each 

98 

32 

14 

94 

71 

22 

M 



100 

39 

i7 

94 

37 

12 

e 

hi 

90 

31 

14 

92 

29 

09 

97 

79 

1 3 

87 

68 

30 




100 

61 

10 

93 

86 

38 




96 

74 

12 

105 

98 

97 

48 

43 

21 


Group III 


94 

47 

OS 

91 

60 

27 

7 Scries of 20 Each 




95 

50 

22 

M 






96 

5 5 

2 4 

c 



Group VI 


91 

46 

21 

90 

87 

19 



91 

32 

14 

98 

43 

10 

3 Senes of 47 Each 

90 

96 

43 

100 

74 

17 

M 



96 

32 

1 4 

95 

64 

14 

e 


93 

40 

18 

98 

76 

17 

98 

70 

11 

91 

16 

07 

94 

57 

IS 

98 

76 

11 

93 

38 

17 

93 

34 

05 

94 

50 

07 


satisfactory, it is necessary that the variability of both M and e be ren- 
deied reasonably small, but it is even moie important that the variability 
which remains be reduced to an approximately constant value The 
values found for are shown in table 3, column 7 It will be seen 
that €g continually diminishes as the number of observations in the series 
inci eases, but at a decreasing rate until at about twenty-eight observa- 
tions the late of decrease becomes so low that foi practical purposes 
may at this time be considered a constant 

In table 3, column 6, are given the means of the e’s of the respective 
groups These will be seen to increase, but also at a decreasing rate 
as the number of observations becomes greater, until they too become 
approximately constant at about twenty-eight observations Thus at 
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about tAventy-eight observations, the range o£ sanation for the first time 
IS covered characteiisticalty (Scott, 1927) This indicates that twenty- 
eight IS the minimum number of observations necessar}'^ to establish a 
significant series 

The growth of the series is illustrated in chart 1 Note the tendency 
of the mean to find its final lev el and of the hatched area — e — to assume 
a constant width When these two functions, with reasonable prob- 
ability, have become sufficiently constant for the purposes of the research, 
there is no practical point in adding observ^ations Before this, safe 
prediction cannot be made 

When a large number of observations is available, it is possible to 
test the adequacy of a series by comparing the actual distribution of the 
observ'^ations vvuth that predicted from the mean and the mean deviation 
of the series to be tested Table 2 shows such great variations of both 


Table 3 — Analysts of the Vaitabthfy of the Vat tons Component Senes, as 
Revealed by a Study of the Behavtot of the Mean Deviations, Mean 
Deviations of the Means and the Mean Deviations of the 
Mean Dciiaiioiis 


1 

2 

3 

4 

Theoretical 

5 

6 

7 

Xumber of 

^ umber 

The Means 

Mean De- 

Empirical 

The Mean 

Empirical 

Obseira* 

Of 

of the 

viation of 

Mean 

of the Mean 

Mean Devia 

tions 

Senes 

Means 

the Means 

Deintion 

Deviations 

tion of the 

m the 

in the 

2 VI 

7‘ 

of the 

2_e 

Mean 

Senes 

Groups 

— 

Means 


Deviation 

N 

n 

n 

V/ X 

(See tevt) 

n 

(See text) 

5 

2S 

96 

31 

43 

58 

26 

10 

14 

96 

22 

3 4 

5 9 

24 

20 

7 

96 

16 

27 

62 

19 

2S 

5 

96 

13 

23 

65 

1 6 

35 

4 

96 

12 

26 

6 5 

14 

47 

3 

97 

10 

23 

67 

1 5 


® e for 141 obsemtions 


M and e for the senes of five and ten observ ations that it is evident that 
these series do not permit any precise prediction 

The actual 141 observ^ations are compared with the predicted obser- 
vations on each of the component series which contained more than ten 
observ^ations (table 4) The first row at the top of the table gives the 
distribution as predicted from the theory The numbered rows which 
follow show the actual distribution of the observ’^ations about the mean 
of the indicated series The last three rows of each group show, respec- 
tivel}’’, the mean distribution for the group, the mean deviation about this 
mean in absolute units and the mean dev lation in percentage of the total 
number of observations Though there are so few of the longer series 
in their respectiv^e groups that e for their distribution is presumably not 
5^et fixed, it vv ould seem safe to assume on the basis of the table taken as 
a vvdiole, that safe prediction can be made with a probability of about 95 
per cent and to a precision of about 3 e when there are twentv -eight 
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or moie observations m the senes It will be noted that when this test is 
applied to the series fiom oui own laboratoiy (table 5), and to those of 
Okey and Robb,® all of the means fall within the predicted limits 

As a result of this analysis, we may conclude that approximately 
twenty-eight is the minimum numbei of obseivations which are neces- 
sary befoie the series may be said to represent the field faiily, and so is 
the minimum permissible in work with material of this type It is also 
the optimum number, for fewer obseivations would not permit predic- 
tion, and it IS doubtful whether more would increase the precision suf- 
ficiently to justify the added expense of time and effort 

Since twenty-eight constitutes a satisfactory senes for the establish- 
ment of both M and e, we have m the series of 141 observations a factor 
of safety of about 400 per cent Hence it would piobably be safe to 
infer that within the limits of known physiologic significance, the true 



Chart 1 — Chart showing the growth and stabilization of the senes of 141 
blood sugar observations which were made on medical students The individual 
determinations are shown in their natural order and are indicated by circles, the 
means (M) by dots, the mean deviations (e) by outline bars, and the mean 
deviations of the means (^m) by hatched bars The central held shows the 
characteristics of the cumulative series by increments of 10 The white line 
indicates the mean , the hatched area the mean deviation and the solid black, the 
mean deviation of the mean of the growing series 

mean and mean deviation have been established to a piecision of three 
times the mean deviation found From this it follows that the chances 
are ninety-five out of 100 that the mean of any series of blood sugar 
observations made on twenty-eight oi moi e persons under the conditions 
we have desciibed will not diffei by more than three times its mean 
deviation from 97 mg per hundred cubic centimeters, the mean of our 
series of 141 observations 


6 Okey, R , and Robb, El J Biol Chem 45 165, 1925 
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Ta.ble 4 — FuKlhiient of Pi edichons Coitcermng the 141 Consecutive Observations 
Made from Each of the Component Series Which Included Twenty 
or More Observations 





Frequency 








± £ 

± 2£ 

± 3« 

: ±4^6 

N 
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€ 





Predicted 








93 

135 

140 

141 

141 






Group ni, 29 Observations 

m Each 

Senes 




1 


120 

137 

141 

141 

141 

96 

87 

19 

2 


74 

108 

129 

134 

141 

98 

43 

10 

3 


K 

131 

141 

141 

141 

101 

74 

17 
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120 

137 

141 

141 

141 

96 

87 

19 

5 


103 

133 

141 

141 

141 

98 

76 

1 7 

6 


91 
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137 

141 

141 

94 

67 

13 
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54 

93 

118 

131 

141 

93 

34 

08 
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93 
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135 

138 






£ (absolute) 

25 

16 

9 

4 






e (percentage) 

18 

11 

6 
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Group rv, 28 Observations in Each Senes 
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84 
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141 
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68 

13 

o 
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97 
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79 
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95 

49 

09 
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94 

49 

09 
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140 






e (absolute) 

16 
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6 
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Group V, 35 Observations in Each 
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Table 5 — Thiee Consecutive Obsei-vations from Each of Twenty-Five of the 141 
Subjects Shown in Older in Columns 1, 2 and 3 




Observation 
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Observation 


Subject 

1 

2 

3 

Subject 
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1 

2 

3 

1 

94 

92 

92 

14 

94 

94 

102 

2 

84 

96 

84 

15 

102 

99 

99 

3 

84 

99 

102 

16 

92 

102 

102 

4 

92 

102 

102 

17 

89 

102 

94 

5 

102 

no 

102 

18 

99 

94 

no 

6 

110 

108 

93 

19 

107 

97 

94 

7 

102 

96 

99 

20 

102 

87 

102 

8 

82 

94 

84 

21 

102 

92 

105 

9 

102 

94 

97 

22 

105 

92 

99 

10 

94 

97 

105 

23 

99 

93 

96 

11 

94 

97 

105 

24 

92 

96 

92 

12 

102 

92 

102 

25 

105 

97 

82 

13 

Mean 

Mean deviation 

94 

92 

94 


97 

± 67 

97 

47 

97 

61 
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Chart 2 shows not only that the means of such senes behaA’-e in 
the manner described, but also that when £m is calculated from a stabil- 
ized e, the means of senes as short as five or ten observations fall within 
these limits The explanation of this is that the mean is established 
somewhat earlier than is the mean deviation, so that Avhile it 
might be possible to predict limits for the true mean from such short 
senes if we had a reliable measure of probability, Ave are actually unable 
to do so because the measure of deviation derived from such short series 
IS untrustAVorthy Again, AVith such short series the precision of the 
mean is so low (chart 2) that predictions made from it would usually 
haA^e little value 



Chart 2 — Distribution of the means of the various component series of the 
series of 141 The parabolic lines represent in order ± 1, 2, and 3 times for the 
series of the indicated number of observations % was calculated from e for 
the entire series of 141 The dots represent the means of the component senes, the 
heaiw horizontal line that for the grand series The lighter horizontal lines 
indicate, in order, ± 1, 2 and 3e for the grand series 

From chart 2 may be read dirertly the range Avithin Avhich the means 
of all future senes containing fiA^e or more obserA^ations would be 
expected to fall, piovided that the material and technic Avere comparable 
AVith those A\’'e have described 

We Avere able to make the material still more homogeneous by selecting 
from the grand series of 141, 120 subjects betAveen the ages of 20 and 25 
years, mclusn e In this group the 

mean age vas 22±:14 years, the mean weight u as 68 ±97 Kg (113 observa- 
tions) and the mean blood sugar was 96 ± 7 3 mg per hundred cubic centimeters 

Hence it appears that the fcAv persons in the grand series Avho Avere out- 
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Side of these limits did not materially influence the results What would 
have happened had their numbeis been greater we are not in a position 
to say 

A graphic comparison of our series with some of those already in 
the literatuie is presented in chait 3 The observations are grouped 
in classes of 3 mg and are plotted on the midvalue of the respective 
class Similar observations, then, fall on a line, so that the hoiizontal 
distances measure class frequencies while veitical distances measure the 
amount of sugai found In chait 4, frequency curves are presented 
showing the distribution of our obseivations and its relation to the 
theoretical distribution cur’ve plotted from the mean and mean deviation 
of the series of 141 On the same coordinates is also plotted a frequency 



Chart 3 — A graphic comparison of \anous senes of blood sugar determinations 
on man Each dot represents an observation The means and mean deviations 
are plotted at the extreme right of the chart i indicates the 141 observations 
reported in this paper , 2, fifty-three observations of Goto and Kuno, 1921 , 
S, twenty-nine observations of Gettler and Baker, 1916, and 4, 100 observations of 
Cummins and Piness, 1917 The somewhat low mean of this group is possibly 
related to the effects of hospitalization since the observations were made on 
convalescent patients 5 indicates twent 3 "-six observations of Okey and Robb, 
1925 While many more than twenty-six observations were reported m these 
papers, there were but twenty-six subjects, and to make their work comparable 
with ours only the initial observations are included 6 indicates seven observations 
of Strouse, 1920 Here again manj^ more than seven observations were reported, 
but for one reason or another only seven could be considered comparable with 
the other groups 
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curve constiucted fiom the data assembled by Gray (1923), which he 
felt included all trustwoithy deteiminations of noimal blood sugar on 
man up to the time of his publication 

The satisfactory piecision of our series on man as compared with 
that found foi rabbits (Eadie,* 1923, Scott and Foid,^ 1923, Clough, 
Allen and Root,^ 1923, Scott, 1927) we attribute to the greater uni- 
formity of the human material and of the conditions which preceded the 
taking of the sample It could not have been m the analytic technic, 
since a lesearch on the noimal blood sugar of labbits conducted by one 



Chart 4 — Frequenc} curves for human blood sugar Curve 1 is for the senes of 
141 observations reported in this paper Curve 2 is for a senes of 431 observations 
collected by Gray, 1923, from various sources The frequency is plotted in 
percentage of the total number of observations in the respective series The lines 
are the theoretical curves The dots and circles show the position of the various 
classes The dots indicating series 1 and the circles, senes 2 Class interval 10, 
class limits 0 and 9, positions are plotted on midvalues of the respective classes 

7 Eadie, G S Am J Physiol 63 513, 1923 

8 Scott, E L, and Ford, T H Am J Physiol 63 520, 1923 

9 Clough, H D , Allen, R S , and Root, E W Am J Physiol 66 461, 
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of US (E L S , so far unpublished) concurrently with this work, 
employing the same analyst and methods, ) lelded a mean deviation essen- 
tially the same as previously reported for rabbits and about twice that 
found by us foi man 

In research work, seA eral methods of establishing the necessary norm 
are available 

1 The norm may be established on one set of subjects, and the 
experimental conditions imposed on a second, presumabl}’- similar, set 

2 The norm may be established on one set of subjects, and at a later 
date the same subjects may be exposed to the experimental conditions 

3 The norm may be established on a set of subjects, and the experi- 
mental conditions may be imposed immediately on the same subjects 

According to the nature of the research (1) A single observation 
may be made on each of many subjects, (2) many observations ma\ be 
made on a single subject, and (3) several observations may be made on 
each of several subjects 

Examples of each of these practices may be found in the literature, 
and the question arises as to which of the methods will yield results of 
the greatest precision and of the most value m malcing general predic- 
tions The present research is not sufficiently broad to exemplify all of 
the foregoing possibilities listed, but it does permit of estimation of 
certain phases, and, where necessary, will be amplified by data selected 
from the work of Okey and Robb (1925) 

Three or more samples of blood weie drawn from each of twenty- 
five persons of our group of 141 subjects, at intervals of not less than a 
week The results of the first three determinations on each of these 
subjects are shown in table 5 It appears that in spite of the day to day 
variations which obtain for any given person, the means of the three 
series of twenty-five are remarkably alike , in this case, they are actuall}’’ 
identical That this similarity not altogether chance is indicated by 
table 6, which presents five similar series taken from the Avork of Okey 
and Robb Here, while the means are not all identical, they are so nearly 
alike that their differences may be considered of no physiologic sig- 
nificance Thus, so far as generalization based on these series is war- 
ranted, the mean basal blood sugar level of a group containing a 
considerable number of persons may be considered as constant From 
table 6, it appears that a group of fiAi-e is not large enough to gne this 
constant value, Avhile a group of tAventy-three is satisfactory The data 
are not sufficient to permit determination of the minimum number 
required for a significant senes Nor can Ave venture prediction as to 
the time Avhich may be alloAAed to elapse betAveen the control and the 
experimental observations on a giA'^en group of persons, although the 
Avork indicates that this interval may be at least tAvo Aveeks It therefore 



PIERCE-SCOTT— REDUCING POWER OF HUMAN BLOOD 597 

follows that the experimental work need not immediately succeed the 
determination of the norm 

Comparison of the series of similar length in table 2 with those of 
tables 5 and 6 indicates that greater precision may be expected when the 
same group of persons is used both for the control and for the experi- 
ment than when different groups of subjects are employed It would 

Table 6 — Data 07i Five Consecutive Samples of Blood Taken fiom Each of 
Twenty-Th ce Subjects (ftom Okey and Robb) 


Observation 




t 

1 

2 

3 

4 

S 

M 

€ 

1 


8S 

92 

93 

92 

95 

92 

26 

0 


88 

92 

102 

101 

lOO 

90 

66 

3 


91 

93 

95 

94 

97 

94 

22 

4 


91 

91 

91 

9S 

89 

92 

35 

5 


104 

92 

87 

93 

93 

94 

62 



92 

92 

94 

96 

94 




e 

67 

02 

56 

38 

62 

for Ist 5 


6 


93 

102 

98 

91 

89 

94 

4 6 

7 


100 

102 

104 

105 

94 

101 

4 4 

S 


91 

104 

100 

105 

96 

98 

52 

9 


90 

102 

92 

106 

104 

98 

74 

10 


84 

94 

93 

80 

89 

88 

60 



92 

101 

97 

96 

94 




€ 

67 

39 

50 

112 

62 

for 2d 5 


11 


107 

95 

99 

98 

101 

100 

45 

12 


96 

97 

90 

96 

97 

95 

80 

13 


89 

84 

91 

92 

85 

88 

36 

14 


79 

92 

90 

85 

87 

86 

51 

15 


9S 

103 

98 

84 

84 

93 

88 


M 

94 

94 

94 

91 

90 




e 

10 5 

70 

45 

63 

78 

for 3d 5 


10 


9S 

94 

92 

91 

94 

94 

27 

17 


96 

89 

91 

96 

90 

92 

34 

18 


103 

93 

87 

102 

100 

97 

68 

19 


95 

97 

93 

89 

96 

94 

32 

20 


9S 

99 

102 

99 

103 

100 

22 


M 

93 

94 

93 

95 

96 




€ 

63 

39 

55 

67 

51 

for 4th 5 


21 


103 

98 

89 

87 

89 

93 

70 

23 


92 

103 

107 

94 

105 

100 

68 

23 


91 

89 

94 

93 

99 

93 

88 


Grand H 

94 

95 

91 

94 

94 




‘ € 

68 

52 

55 

67 

60 




* In columns 1 to 5 the data appear in their natural order, m columns M and e the means 
and mean deviations of the ti\ e observations on eacn individu-il are given "Kie senes of twenty 
three vere also broLen up into component senes of five observations each The means and 
mean deviations of these component senes appear in the appropriate rons Those for the 
senes of twenty-three, respectively, in the next to the last and the last row 


appear, therefore, that though general predictions aie as well justified 
in one case as in the other, within the limits of precision attained, this 
precision will be greater when the same subjects are used for both 
determinations 

The mean of the e’s for twenty-tin ee series of five observations each 
on single subjects may be calculated from data found m table 6 The 
result, 4 4, is to be compared with 5 8, column 6 of table 3, m which the 
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five observations were made on each of five persons Similaily, 
the eji’s are respectively 1 9 and 2 6 and the expincal eji’s, 4 and 
4 3 While, as might be expected, these values indicate somewhat 
less variability when all of the observations are made on one person, 
the gain in precision is not impressive, and when the loss in the represen- 
tative character of the series is considered would lead one to avoid this 
method of procedure when possible True, this conclusion is based on 
short series, but there are a consideiable number of such series in each 
group, so that the conclusion is warranted provisionally, and unless the 
contrary condition is shown to hold, should be a guide in planning a 
research The material at hand is not sufficient to 3ield a large group 
of longer series based on single persons, but in table 7 are to be found 


Table 7 — Seven Senes of Ten ObservaUons Each' 


if, Age 24 

C, Age 24 



V, Age 31 



1923 

1923 

1924 

' 1924 

1924 

1924 

1924 

1924 ' 

8S 

SS 

109 

91 

lOO 

109 

92 

93 

92 

92 

101 

93 

96 

94 

102 

89 

93 

102 

97 

95 

90 

93 

93 

89 

92 

101 

99 

94 

93 

94 

94 

89 

95 

100 

93 

97 

SS 

99 

105 

— 

81 

108 

97 

91 

OS 

100 

101 

Total 

S5 

101 

97 

91 

92 

95 

97 

44 obser- 

100 

96 

99 

9S 

S9 

9S 

89 

vations 

90 

89 

99 

99 

97 

89 

94 

M, 94 

90 

90 

9S 

90 

sr 

90 

94 

e, 4 3 

— 

- 

— 

— 



■ ■ 




M 91 

97 

99 

94 

93 

95 

96 


e 5 4 

68 

36 

33 

4 5 

4 0 

5 0 



* All data m a given senes are denved from a single subject Since the data of the 
last four senes are all derived from one subject, together with four additional observations 
we are in possession of a similar senes of forty four ohservations (From Obey and Eobb ) 


seven groups of ten observations each made on a single person and one 
of fortj'^-four observations similarly made These longer series appar- 
ently confirm the conclusion just drawn 

In table 8 are to be found four series of twenty-five obseivations 
each, in which five observations were made on each of five persons A 
comparison of the c’s and of the cm’s of these series with those of 
group 4, table 2, does not indicate a significant gain in piecision over the 
series in which each observation was made on a different person On 
the other hand, such senes must have lost a consideiable portion of then 
value as representatives of the general field from which the obsenations 
vere drawn 

The conclusion seems to he justified that a series attains value as the 
number of persons on which the observations aie made is increased, 
the ideal series being one m which the number of obseivations and the 
number of persons on vhich they are made are equal 
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SUMMARY 

1 The blood sugar of young, healthy men and women under basal 
conditions may vary between values of about 80 and 115 mg per 
hundred cubic centimeters of blood The true mean value probably lies 
between 95 and 99 mg per bundled cubic centimeters of blood This 
statement piesupposes that the detei minations are made by the Shaffer- 
Haitmann oi the Fohn-Wu method (Duggan and Scott, ^ 1926) 

Table 8 — Four Senes, Each of Twenty-Five Obsei-vaUons, Five Obscivaiions 
Being Made on Each of Five Subjects (fiom Olcy and Robb) 


Senes 


r 

^ 


* ^ 

1 

2 

S 

4 

ss 

93 

lOt 

93 

92 

93 

95 

94 

93 

9S 

99 

92 

92 

91 

9S 

91 

95 

SO 

101 

94 

8S 

100 

90 

90 

93 

102 

or 

89 

102 

104 

90 

91 

101 

105 

90 

90 

100 

94 

97 

go 

91 

91 

89 

103 

93 

104 

84 

93 

95 

100 

91 

87 

94 

102 

92 

102 

97 

90 

85 

100 

91 

90 

79 

95 

91 

102 

103 

97 

91 

92 

90 

93 

9S 

100 

85 

89 

S9 

104 

87 

90 

101 

84 

98 

OS 

92 

94 

103 

99 

ST 

93 

9S 

102 

93 

80 

84 

99 

93 

89 

84 

103 

— 



— 



94 

90 

93 

95 

44 

09 

73 

4 

( 09 

1 4 

1 5 

0 


2 The piobability is about 95 pei cent that the mean of any such 
senes consisting of twenty-five or more observations made on as man} 
persons will not diffei more than three times its mean deviation from 
this true mean 

3 Conclusions based on senes containing fener than twenty-five 
obsei rations are of doubtful significance when the observations pertain 
to the blood sugar of man When greatei absolute piecision is requiied 
to support the conclusions than is indicated by 3 for twenty-five 
teims a longei senes must be obtained 
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4 From this it follows that within these limits the mean value of 
a series of twent 3 "-fi'\ e or more blood sugar deteiminations, each of 
which IS made on a difierent person, ma}’- he considered as a constant 
Evidence is presented to substantiate this conclusion 

5 A series of observations gains in general significance as the num- 
ber of subjects on which the observations are made increases, the slightly 
greater percision which is attained by making many observations on a 
single person is more than offset by the loss in the representative char- 
acter of the series 



BACTERIOLOGIC EXAMINATION OF SEVEN HUNDRED 
AND TWENTY-FOUR SPUTUMS FROM AS MANY 
PATIENTS WITH BRONCHIAL ASTHMA 

I CHANDLER WALKER, MD 

AND 

JUNE ADKINSON, AM 

BOSTON 

During the past ten years we have been interested in the bacteriology 
of the nonsensitive or asthmatic bronchitis type of asthma, since it is in 
this type that less is known concerning the cause, furthermoie, this type 
seems to be infectious Specimens of sputum from 724 patients have 
been studied during this time It is during the changeable and cold 
seasons of the year that the majority of patients suffer from asthmatic 
bronchitis , therefore, the bacteriologic examinations have been made dur- 
ing the fall, winter and spring of each year since 1918 Consequently, 
this study was divided into nine periods, namely, the fall, winter and 
spring of each year since 1918 

Previous to this study, we were accustomed to classify streptococci 
into three groups, namely, SU eptococcus vtudans, S hemoly'^nns and 
alpha hemolysans, but it was soon learned that this classification was 
not only confusing, but incomplete It was confusing because the same 
organism on the same plate would sometimes produce a wide area of 
hemolysis about several colonies and a narrow area of hemolysis about 
other colonies, therefore, instead of having two types of organisms, 
hemolysans and alpha hemolysans, we had one type of organism produc- 
ing two grades of hemolysis The old classification is incomplete m that 
frequently types of colonies were encountered that produced a brownish 
pigment oi no pigment , therefore, since these colonies were not hemolytic 
and did not produce a green pigment such as viudans, they were not 
accounted for in the old giouping Since all types of streptococci either 
do or do not produce hemolysis, and it is rarely difficult to determine 
whether there is or is not hemolysis about a colony, we adopted for this 
work the classification of hemolytic and nonhemolytic streptococci All 
colonies were considered as either hemoljdic or nonhemolytic, but for 
completeness the various types of colonies weie noted 

Each of these two mam gioups of streptococci, hemolytic and non- 
hemolytic, were further subdivided according to Holman’s ^ classification 

*From the Laboratory of the Medical Clinic of the Peter Bent Brigham 
Hospital 

1 Holman, W L The Classification of Streptococci, J M Research 34 377 

1916 
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into eight subgroups according to their ability to ferment the carbohy- 
drates, salicin, mannite and lactose, in times serum waters made according 
to the method of Hiss ^ 

TECHNIC 

Throughout this work the following bactenologic technic was used Thick 
masses of sputum, which was raised during an asthmatic attack or during a 
severe parox 3 'sm of coughing which usually occurred in the morning, were washed 
m sterile sodium chloride solution and shaken m 5 cc of plain bouillon Tubes 
of melted plain agar to which 0 5 cc. of sterile defibrinated human blood 3\as 
added were inoculated with varjing amounts of the plain bouillon emulsion of 
sputum, poured into Petri dishes and incubated for thirty-six hours Various 
types of colonies were then picked off, subcultivated in dextrose bouillon, and 


Table 1 — Prevalence and Frequency of Hemolyhc and N onhemolytic Sti eplococci 

and of Other Organisms 



1918- 1919- 

1920- 

1921- 

1922- 

1923- 

1921- 

1925- 1926- 

Number of 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

Sputums examined 

65 

65 

56 

SO 

65 

101 

93 

95 

104 

Hemolytic varieties recovered 

51 

46 

49 

70 

68 

21 

54 

42 

HO 

Hemoh tie v arieties predomin ited 

35 

16 

4 

6 

5 

2 

8 

6 

21 

Hemolvtic varieties alone 

1 

1 

27 

12 

43 

6 

5 

7 

14 

Nonhemolytic i arieties recovered 

54 

51 

24 

62 

26 

lOS 

115 

93 

115 

Nonhemolytic varieties predominated 

21 

2S 

2 

3 

1 

2 

7 

5 

30 

Nonhemolytic v ineties alone 

1 

13 

19 

14 

11 

82 

48 

35 

31 

Hemolyticus subacidus recovered 

ir 

19 

0 

8 

<y 

2 

8 

13 

42 

Hemolyticus anginosus recovered 

13 

16 

11 

29 

O 

9 

IS 

5 

17 

Hemolyticus mfrequens recovered 

8 

3 

16 

12 

28 

2 

10 

11 

14 

Hemolyticus pyogenes recovered 

10 

7 

20 

14 

26 

6 

10 

4 

7 

Hemolyticus equinus recovered 

1 

0 

1 

2 

2 

0 

2 

0 

7 

Hemolyticus type I recovered 

2 

1 

1 

4 

4 

1 

5 

6 

20 

Hemolj ticus type II recovered 

0 

0 

0 

0 

1 

0 

1 

1 

1 

Hemolj tieus tvpe III recovered 

0 

0 

0 

1 

0 

1 

0 

2 

S 

Nonhemolyticus ignavus recovered 

16 

20 

0 

5 

0 

13 

12 

28 

45 

Nonhemolj ticus salivanus recovered 

15 

19 

5 

13 

2 

18 

34 

9 

IS 

Nonhemolyticus fecahs recovered 

3 

5 

10 

19 

9 

28 

25 

29 

14 

Nonhemolyticus mitis recoa ered 

U 

7 

8 

17 

10 

25 

17 

4 

10 

Nonhemolyticus equinus recovered 

0 

0 

0 

1 

0 

6 

4 

4 

5 

Nonhemolyticus tjTie I recovered 

6 

2 

1 

4 

5 

12 

16 

16 

17 

Nonhemolyticus type II recovered 

0 

0 

0 

0 

0 

4 

1 

1 

3 

Nonhemolyticus type III recovered 

0 

0 

0 

3 

0 

1 

6 

2 

3 

Strains of staphylococci recovered 

8 

16 

1 

5 

5 

16 

8 

4 

4 

Strains of bacilli recovered 

6 

8 

5 

7 

8 

1 

10 

6 

10 

Strains of other organisms recovered 

5 

5 

3 

0 

2 

0 

0 

0 

3 


incubated for about twenty-four hours The organisms from this dextrose 
bouillon growth were stained bj Gram’s method, and a bile solubility test 3\as 
made, those organisms which proved to be gram-positive cocci m chains, non- 
capsulated and bile-msoluble, were inoculated, according to the method of Hiss,° 
into litmus serum waters which contained salicm, mannite and lactose These 
serum waters were incubated for fourteen days unless coagulation took place 
befoie that time, and at the end of fourteen dajs, after the tubes m which change 
had not taken place were carefully examined to make sure that organisms were 
present, the organisms were named according to Holman’s^ method of clas- 
sification 

Table 1 shows for each period already defined the prevalence of hemolytic and 
nonhemolytic streptococci, also the frequency of each of the subgroups of both 
of these two types of streptococci and the prevalence of organisms other than 


2 Hiss, P H, in Hiss and Zinsser Textbook of Bacteriologj , New York, 
D Appleton &. Company, 1927 
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streptococci Naturalh, when various colonies were picked off from plates, many 
duplicates were picked off and inoculated into the serum waters In the table, 
however, duplicates are not recorded, only one variety of each organism tliat was 
recovered from the same sputum is shown For instance, if two strains of 
hemolytic Sti eptococcus siibactdus were recovered, only one would be recorded, 
therefore, qualitative rather than quantitative observations are represented 

Following the discussion of the observations as recorded in table 1, a few 
paragraphs are devoted to the results from changes in the original technic The 
different technic will be described at that time The reason for this change, which 
was earned on in conjunction with and merely supplemented, the original technic, 
was to check up on the original technic and either to substantiate or to disprove 
the observations 

During the season 1918-1919, a specimen of sputum was taken and 
studied fiom seventy-fit e patients stiff ei mg fiom asthma Fifty-one 
strains of hemolytic streptococci were recovered from foity-six of these 
patients , in thirty-five specimens of sputums this type of organism pi e- 
dominated, and m one specimen no other oiganism was found These 
fifty-one stiains of hemolytic streptococci were distributed among the 
following types vifieqnens, eight strains, anginosn-s, thiiteen strains, 
pyogenes, ten strains, hemolyhens I, two strains, subactdiis, seventeen 
strains, and eqtnnus, one strain, no strains of Jiemolykcns II and III 
were recovered Fifty-foui strains of nonhemolytic streptococci were 
recoveied from thirty-seven of the patients, m twenty-four of the speci- 
mens this type predominated, and once it was found alone These fifty- 
foui strains were distributed as follows fecahs, three stiaiiis, 
nonhemolyticns I, six strains, imfts, fourteen stiains, sahvamis, fifteen 
strains, and ignav'its, sixteen strains, no strains of 'nonhemolyhcits II 
and III or of eginmis were recovered 

Organisms, other than streptococci, that were recovered from the 
sixty-five specimens of sputum were as follows Staphylococcus 
pyogenes~aui eus, eight times, Micrococcus tetragenous, once, a diph- 
theroid bacillis, twice. Bacillus subUhs, six times, and Staphylococcus 
pyogenes-albus, twice 

To summarize these observations, all but three of the fifty-one strains 
of hemolytic streptococci were included m the four types, subacidus, 
angmosus, pyogenes and uifiequens All but three of the fifty-four 
strains of nonhemolytic streptococci were included in the four following 
types, namely ignavus, irnhs, sabvarnis and nonJiemolyUcus I The 
different stiains of stieptococci were practically equally divided between 
hemolytic and nonhemolytic but in thiity-five specimens of sputum the 
hemolytic type of colony predominated, wheieas in twent 3 ^-four speci- 
mens the nonhemolytic type predominated Staphylococcus pyogenes- 
auieiis was found eight times and was the only organism other than 
streptococci that was ieco\ered with any degree of frequency 
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During the period 1919-1920, sixty-five specimens of sputum fiom as 
many persons were studied and streptococci were recovered from fift>- 
nine of the specimens Hemolytic streptococci were found m forty-six 
specimens , in sixteen the hemolytic type predominated , in one, it was the 
only organism found The forty-two strains of hemolytic streptococci 
were distributed as follows infteqitens, three strains, heniolyticus I, 
one strain , pyogenes, seven strains , anginosus, sixteen strains , suhacidus, 
nineteen strains, no strains of hemolyticns II and III or of eqmnus were 
recovered 

Nonhemolytic streptococci weie recovered from fifty-one specimens, 
m twenty-eight this type of streptococcus predominated, in thirteen, it 
was the only organism recovered The fifty-one strains were giouped 
as follows fecahs, five strains, nonhemolyticns I, two strains, mths, 
seven strains, sahvarms, nineteen strains, ignavns, twenty strains, no 
stiains of nonhemolyticns II and III or of eqiiinus were recovered 
Organisms other than streptococci that were recoveied from the 
sixty-five specimens were Staphylococcus pyogenes-aui eus, sixteen 
times, N pyogenes-albus, three times, a gram-negative bacillus, eight 
times , Mtci ococcus teti agenous and Bacillus suhtilis, one time each 
The observations during this period may be summarized as follows 
The nonhemotytic streptococci outnumbered the hemolytic in the propor- 
tion of fifty-one of the former to forty-six of the latter, the former 
predominated in twenty-eight specimens of sputum against the lattei in 
sixteen, and in thirteen specimens the nonhemolytic type was the only 
organism found, wheieas in only one specimen was the hemolytic type 
found alone Of the forty-six strains of hemolytic sti eptococci, all but 
one were included in the following four types infiequens, pyogenes, 
anginosus and subacidus Of the fifty-one stiains of nonhemolytic strep- 
tococci, all but two were included in the following four types mitis, 
ignavus, salivanus and fecahs The only organisms other than strepto- 
cocci that occurred with any frequency were Staphylococcus pyogenes- 
aui eus, sixteen times, and a gram-negatne bacillus, eight times 

During the period 1920-1921, fifty-six specimens of sputum weie 
plated A total of forty-nine strains of hemolytic sti eptococci were 
recovered, in twenty-seven specimens, this type of organism was the 
only one recovered, and in four other specimens it predominated The 
forty-nine strains of hemolytic streptococci weie divided among the 
following types anginosus, eleven, infiequens, sixteen, pyogenes, 
twenty, eqmnus, one, hemolyticns I, one, stiains of subacidus or of 
hemolyticns II or III Avere not recovered 

Only twenty-two strains of nonhemolytic streptococci were ieco\- 
eied, in nineteen specimens of sputum it was the only organism recov- 
ered and in two other specimens it predominated The nonhemolytic 
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stieptococci were of the following types sahvaniis, five, fecahs, ten, 
miUs, eight, nonhemolyticus I, one, no strains of ignavus, eqwims oi of 
nonhemolyticiis: II or III weie recover ed 

The outstanding difteiences between the results of this period and 
those of the two former peiiods which were similar were that twice as 
many hemolytic types were recovered as nonhemolytic In about one 
half of the sputums, hemolytic streptococci were the only organisms 
found, and in nearly as many specimens, the nonhemolytic type was the 
only oiganism recovered, in other words, most of the specimens of 
sputums grew either type of organism alone, and in only a few were 
both types found Another distinct difference was the absence of hemo- 
lyticus siibactdns and nonhcmolyticus 'ignavus, both of these organisms 
were more prevalent than any of the other types in the previous two 
periods Other differences were the large proportion of mfiequens, 
pyogenes and fecahs, the decreased frequency of saUvaiius and the fact 
that staphylococci were recovered only once 

During the period of 1921-1922, eighty specimens of sputum were 
examined Seventy strains of hemolytic streptococci were recovered, 
in twelve specimens of sputum, it was found alone and in six other 
specimens it predominated These hemolytic streptococci were of the 
following types subacidus, eight strains, angmosus, twenty-nine 
strains, mfieqtiens, twelve strains, pyogenes, fourteen strains, eqmnns, 
two strains , hemolyhcus I, four strains, and hemolyticus III, one strain 
Sixty-two strains of nonhemolytic streptococci were recovered In 
fourteen sputums examined it was found alone and in three other speci- 
mens it predominated These nonhemolytic streptococci fell into the 
following groups 'ignavus, five, sahvatius, thirteen, fecahs, nineteen, 
nutis, seventeen, eqwnus, one, nonhemolyhcus I and III, four and three, 
respectively 

The chief differences to be noted m this period were the large number s 
of both hemolytic and nonhemolytic organisms recovered , in two thirds of 
the sputum examined both types of organisms were present m about 
equal numbers The types angmosus and fecahs were present in unusually 
large numbers, 'imfts was more prevalent than formerly, and in propor- 
tion subacidus and ignavus weie recovered less frequently 

During the season 1922-1923, sixty-five specimens of sputum were 
plated From these, sixty-eight strains of hemol 3 ^tic streptococci were 
recovered, in forty of these specimens examined it was the only 
organism recovered, and in five others it predominated The sixty-eight 
strains were divided among the following subacidus, two, angmosus, 
five, infiequens, twenty-eight, pyogenes, twenty-six, equtnus, two, 
hemolyhcus I, four, and hemolyticus II, one 
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Only twenty-six strains of nonhemolytic streptococci were recov- 
ered, in one specimen of sputum, tins organism piedominated and in 
eleven other specimens it was the only organism lecovered The twenty- 
six strains of nonhemolytic streptococci were as follows sahvanus, 
two, fecahs, nine, miUs, ten, nonhemolyticus I, five 

Therefore, during this season the hemolytic streptococci greatly out- 
numbered the nonhemolytic streptococci Of the hemolytic streptococci, 
all but fourteen strains were either equens or pyogenes, both of which 
were practically equal in numbers, and together they totaled fifty-six 
strains Of the nonhemolytic strains, all but seven were either fecahs 
or nnhs, and there were nine strains of the former and ten of the latter 
During the season 1923-1924, 101 specimens of sputum were plated 
From this large number, onl)'' twenty-one strains of hemolytic strepto- 
cocci were recovered, m two specimens this type of organism predomi- 
nated and in six others, it was the only organism recoveied These 
tw^enty-one strains of hemolytic streptococci were divided among the 
following types snhacidus, two, anginosus, nine, inf 1 equens, two, 
pyogenes, six , hemolyttcus I and III, one each 

One hundred and eight strains of nonhemolytic streptococci were 
lecovered, in two specimens of sputum this type of organism predomi- 
nated, and in eighty-two it was the only organism present The 108 
strains of nonhemolytic streptococci w^ere classified as follows ignaviis, 
thirteen strains , sahvai ms, eighteen , fecahs, twenty-eight , nntis, twenty- 
five, eqiiinus, five, nonhemolyticus I, twelve, II, four, and III, one 
The results of this period weie different from those of former 
seasons There was a great scarcity of hemolytic streptococci and as 
great a pieponderance of nonhemolytic streptococci Among the few 
hemolytic strains, anginosus, wduch was lecovered nine times, occurred 
most frequently and pyogenes, isolated six times, was next in frequency , 
no other hemolytic strains occuired more often than twnce All eight 
varieties of nonhemolytic streptococci weie recoveied for the first time, 
and the following five varieties wfere lecovered often enough to be men- 
tioned as predominating ignavus, sahvanus, fecahs, nnfis and nonJienio- 
lyftciis I , the lattei had not been recovered with any degree of frequency 
in former peiiods Staphylococcus pyogenes-aui eus \vas also recovered 
wnth the usual frequency 

During the season 1924-1925, ninety-three specimens of sputum were 
plated A total of fifty-four strains of hemolytic stieptococci w^ere 
recovered, in eight specimens, this type of oiganism predominated, and 
in five others it was the only organism recovered These fifty-four 
strains of hemolytic streptococci were the following suhacidus, eight, 
anginosus, eighteen , mfi equens, ten , pyogenes, ten , equinus, two , hemo- 
lyticus I, five, and II, one 
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One hundred and fifteen strains of nonhemolytic streptococci were 
lecovered, in seven specimens this type of organism predominated and 
in forty-eight it was the only organism recovered The 115 strains of 
nonhemolytic streptococci were the following tgnaviis, twelve strains, 
sahvarius, thirty-four, fecahs, twenty-five, rnths, seventeen, eqwniis, 
four, nonhemolyhcus I, sixteen, and II and III one and six, respectively 

In this period, the hemolytic streptococci were recovered m the aver- 
age frequency of former periods and, as usual, angmosus, mfreqiiens 
and pyogenes were most often encountered, and angmosus was more 
prevalent than in some years Nonhemolytic streptococci, however, were 
recovered more frequently than in the past, and the same varieties that 
were most prevalent in the previous period were again most frequently 
encounteied during this period, there were eqwnus, sahvarms, fecahs, 
mitis and nonheniolyticus I, and these were recovered a similar number 
of times as formeily, with the exception of saliva} tus which was lecov- 
ered twice as frequently as in any former year 

During the season 1925-1926, ninety-five specimens of sputums were 
examined From these, forty-two strains of hemolytic streptococci were 
recovered , m seven specimens, it was the only organism found and m six 
others it predominated The following hemolytic strains were 
recovered subacidus, thirteen, angmosus, five, mfiequens, eleven, 
pyogenes, four, heniolyticus I, six, hemolyticus II and III, one and two, 
respectively 

A total of ninety-three strains of nonhemol}i;ic streptococci were 
recovered, this type of organism predominated in five specimens of 
sputum, and it was the only organism recovered in thirty-five specimens 
The nonhemol}'tic strains were as follows angmosus, twenty- eight , 
saliva} ms, nine, fecahs, twenty-nine, nutis, four, equinus, four, non- 
heniolyticus, I, sixteen, nonhemolyticus II and III, one and two, respec- 
tively 

The obseivations of this period resembled those of the former period 
as to the prevalence of both hemolytic and nonhemolytic streptococci in 
the sputums that were cultured, but the prevalence of the different 
stiains of these two t>pes of streptococci varied as follows Of the 
hemolytic stiains, subacidus was more prevalent and angmosus and 
pyogenes were distinctly less prevalent than usual Among the non- 
hemolytic types, ignavus was more prevalent than usual, and initis and 
saliva} ms were much less prevalent than usual During this penod, the 
majority of the hemolytic strains were subacidus and mfiequens and the 
majoiity of the nonhemolytic strains were ignavus, fecahs and nonheino- 
lyticus I 

During the season 1926-1927, 104 specimens of sputum were plated 
One hundred and ten stiains of hemoI}dic streptococci were recovered. 
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it was the only organism found in fourteen of the specimens examined, 
and It piedommated in twenty-one These hemolytic stiains were the 
following snhaadns, forty-two, angmosus, seventeen, mf') eqtiens, 
fourteen, pyogenes, seven, equinus, seven, hemolyticns I, twenty, hemo- 
lyticns II and III, two and three, respectively 

One hundred and fifteen strains of nonhemolytic streptococci were 
recovered, in thirty specimens of sputum this organism piedommated 
and in thiity-one other specimens it was the only organism recovered 
These nonhemolytic strains were the following ignaviis, forty-five, 
sahvanus, eighteen, fecahs, fourteen, nntis, ten, eqmnns, five, non- 
hemolyticus I, seventeen, and nonhemolyhcns II and III, three each 

During this period, hemolytic streptococci were recovered more fre- 
quently than formerly, and nonhemolytic streptococci were recovered 
with about the same frequency as during the past four periods Of the 
hemolytic stiains, suhacidus, hemolyticus I and eqianus were moie fre- 
quent than formerly, pyogenes was recovered less frequently , angmosus 
and mfrequens were found with the usual frequency Among the non- 
hemolytic streptococci, ignavus was much more prevalent than formerly 
and mitis was less prevalent than usual, salivauus, fecahs and non- 
liemolyUcus I were recovered in neaily the same numbers as usual 
Another unusual observation this season was that more varieties than 
usual were prevalent in large numbers, and the nonhemolytic included 
five varieties, whereas formerly two oi three vaiieties usually comprised 
the greater number of organisms 

In table 1, the vaiiation in the occurrence of the diffeient vaiieties 
of stieptococci that were preialent during the different periods is evi- 
dent It IS not shown, howevei, whether there is any variation during 
each period A careful study of each period does not reveal any distinct 
vaiiation for that period, in other words, piactically the same varieties 
of streptococci that weie piCA^alent during the fall months continued to 
be similarly prevalent during the succeeding wintei and spring months 
Therefore, whatever variation occurred dining the periods studied was 
brought about by the intervening summer months In other words, the 
same varieties of streptococci prevailed throughout the successive cool 
months of each yeai, but the intervening warm summer period often 
altered considerably the prevailing streptococci so that m the next suc- 
cessive fall, winter and spring different varieties of streptococci from 
those of the preceding fall, winter and spring prevailed 

Another point not brought out in the table, but which may be of 
interest, is a discussion regarding the number of different varieties of 
streptococci that were recoi ered from the same sputum In 43 per cent 
of the specimens of sputum examined, only one variety of streptococcus 
was recovered , m 34 per cent, two different varieties were recovered , in 
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16 per cent, ihiee difteient vaiieties were found, in 4 per cent, four 
varieties and in 1 per cent, five vaiieties were leco^ered Theiefore, 
from a thud of the specimens only two difteient varieties of streptococci 
were lecovered and from less than a thud of the specimens moie than 
two different varieties When more than one different strain of strepto- 
coccus was lecovered from the same sputum, all strains weie sometimes 
of the hemolytic type, sometimes of the nonhemolytic type, often both 
types were repiesented In other words, one specimen might contain 
any combination of the sixteen difteient varieties of streptococci, 
although usually a total of five different vaiieties was not exceeded, but 
in a third of the sputums examined there was a combination of only 
two different vaiieties, and m less than a thud of the specimens the 
combination consisted of more than two difteient vaiieties 

VARIATIONS IN TECHNIC 

During the peiiods of 1918-1919 and 1919-1920, in addition to the 
technic alieady desciibed, the majority of the organisms weie carried 
thiough furthei subcultures The oigamsms from the dextrose bouillon 
giowth which was cultured fiom individual colonies on blood agar plates 
weie again plated on blood agar and grown for twenty-four hours 
From these second plates, different colonies were again fished and 
inoculated into dextrose bouillon and incubated foi twenty-four hours 
From these bouillon cultures, the litmus serum waters containing the • 
thiee carbohydrates were inoculated as previously desciibed This sec- 
ond plating made it certain that the organism which was inoculated into 
serum waters was in pure culture, whereas only one plating, the usual 
numbei throughout this work, might leave one in doubt as to the purity 
of the organisms that were inoculated into the carbohydrate seium 
waters 

The results as judged by the serum water fermentation tests were 
identical with both methods for all of those oigamsms that survived the 
second plating, theiefoie, it is fair to assume that one plating resulted 
eithei in a pure culture, or, if not, the contamination was too slight to 
influence the fermentation test At any rate, one plating when done with 
care is satisfactory It was found that the second plating was unsatis- 
factoiy, because so many oigamsms that weie hemolytic in the first place 
either failed to grow oi lost their hemolytic propel ty in the second plate 

During the season 1920-1921, it was noted that from the first 
twenty-fi\e specimens of sputum plated neaily always only one type of 
sti eptococcus, either hemolytic or nonhemolytic, was recovered, and 
that it was raie to recover both types from the same sputum This was 
different from the results of the two foimei seasons and was rather dis- 
turbing Theiefore, m addition to the usual method of plating, the 
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following technic was used, so that tivo different specimens of the same 
sputum were plated Some of the washed sputum was grown in dextrose 
bouillon over night, and from this culture blood agar plates were 
inoculated and incubated for thirty-six hours From these plates various 
colonies were picked, macerated in small quantities of dextrose bouillon 
and then inoculated into the Hiss litmus serum water containing the three 
carbohydrates Thirt}’- specimens were cultured in this manner, and in 
twenty-seien the results, as judged by the fermentation of the serum 
waters, were identical for both methods of plating, the same forty-two 
strains of the \anous types Avere identical for both methods In three 
specimens, there A\ere the folloA\ing differences in one sputum, only 
pyogenes Avas recoAered by the original method, AAdiereas both pyogenes 
and anginosns AA^ere recoA ered by the second method , in another sputum, 
pyogenes and siihacidns aa ere recoA ered b}* the original method but only 
pyogenes by the second method , in the third sputum, pyogenes and mfi e- 
qvens AAere recoA'^ered by the original method, but in addition to these, 
niitis A\as also recOA'ered by the second method Therefore, in these 
three specimens there Avere identical observations Avith four strains and 
different obsen ations Avith three strains Since m the forty-nine strains 
recoAered from the tlurty specimens there AAere only three variations, 
and in the thirt}' sputums there AA'as only one matenal change, namely, 
one Avas changed from purely hemoI}i:ic to both hemohdic and nonhemo- 
, 1)1:10, It IS evident that the obserA^ations ahead) reported as made by the 
original method of plating must be accurate for practical purposes 

During the stud), duplicates of colonies AAith similar morphologic 
characteristics Avere picked off and inoculated into dextrose bomllon and 
then into the serum Avaters, but frequently, since all colonies proA'^ed to 
contain the same organism, only one vanety of either the hemolytic or 
nonhemol)1ic t)'pe Avas recovered Since, as ahead) described, the 
method of plating Avas not at fault, it AA^as felt that possibly an insufficient 
number of colonies AAere being picked from the original plates AAUth the 
result that some strains Avere being missed Therefore, beginning in the 
period 1922-1923, and continuing throughout the remaining periods, 
many more colonies Avere picked from the plates SeAeral colonies of 
each of those haAung different morphologic characteristics Avere picked 
off, the phrase “different morphologic characteristics of the colonies” 
AA-ill be discussed later By picking off these colonies, hoAACA’^er, it AAas 
learned that rarely AAas a A’^anety of organism missed AAhen feAver 
colonies AAere picked off, and when a large number of colonies AA'ere 
picked off, only a larger number of duplicates Avere obtained For exam- 
ple if a plate contained only colonies of nonhemolytic streptococci, AA’hen 
tAvo dark green colonies were picked off and cultured in the carboh) drate 
serum aa aters, both turned out to be sahvai nis, AA'hen four colonies Avere 
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similaily selected, all four would be the same For another example, two 
colonies of a narrow hemolytic and two of a wide hemolytic character 
might be selected The two narrow hemolytic colonies might he, foi 
example, pyogenes, and the two wide hemolytic colonies might be, for 
instance, subaadus When foui of the nairow and four of the wide 
hemolytic colonies weie selected, the lesult would be the same, namely, 
foul stiains of pyogenes and four of subacidus If great care is exei- 
cised in determining the moiphologic chai acteristics of the colonies and 
duplicate colonies of each different type are picked off, there is only a 
slight chance of missing some variety of streptococcus 

Early in the period 1923-1924, it was noted that few hemolytic 
colonies and a great pi eponderance of nonhemolytic colonies were being 
obtained , also that the nonhemolytic colonies were much out of the usual 
propoition As it was thought that possibly tbiity-six houis was not a 
sufficient time to allow some colonies to pioduce hemolysis, a duplicate 
plate was peimitted to incubate for forty-eight hours and sometimes 
longer, but this added length of incubation did not increase the numbei 
of hemolytic colonies, nor did any nonhemolytic colonies become hemo- 
lytic Theiefore, there was a real pi eponderance of nonhemolytic stiep- 
tococci It might be well to state at this point that incubation of plates 
for only twenty-four hours is liable to result in the missing of hemolytic 
colonies, that is, some colonies that aie minute and do not show hemol- 
ysis after twenty oi twenty-four hours’ growth will by thiity-six hours 
become laigei and show definite hemolysis 

MORPHOLOGY 

Dm mg this work, four distinct types of hemolytic colony of strepto- 
cocci were evident They weie a pinpoint colorless colony suriounded 
by a narrow zone of hemolysis, a pinhead colony, sometimes white, 
sometimes brownish, sui rounded by a zone of hemolysis about as bioad 
as the diameter of the colony, a pinpoint oi pinhead colony sui rounded 
by a wide zone of hemolysis, and a green colony surrounded by a nairow 
zone of hemolysis The latter type of colony was not observed fre- 
quently, but the three formei types were usual The various strains of 
hemolytic stieptococci, however, did not show strict adherence to any one 
type of colony, in fact, the type of colony for the diffeient strains varied 
among the tliiee usually described to such a degree that no inference 
could be drawn from the appeaiance of the colony as to the type of 
oiganism it contained In the same plate, for example, snbactdu-s would 
pioduce both a wide and a narrow zone of hemolysis and the size of the 
colonies would be both pinpoint and pinhead Although usually the large 
colonies showed the wide zone of hemolysis, in the same plate a small 
colony with a wide zone of hemolysis and a large colony with a narrow 
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zone of hemolysis would be noted Theiefore, the importance of picking 
oft all of the different types of colonies for study is evident, although in 
so doing several duplicates of the same organism will result, and, as 
already shown, more than three different vaiieties of streptococci in the 
same specimen of sputum is unusual, the usual number is only one or 
two different varieties 

Three types of nonhemolytic streptococci were noted A gieen 
colony was most frequently encountered, a brown colony was almost as 
frequently noted, and a white colony was occasionally noted All of the 
eight varieties of nonhemolytic streptococci, however, developed into any 
of these three types of colony and not infrequently the same type of 
oiganism would produce two types of colony on the same plate Theie- 
fore, the pigment of the nonhemolytic colony, as Holman ^ found, 
cannot be taken as a criterion of the strain of the streptococcus present 
The morphology of the organisms themselves also varied The same 
organism might be present from one colony as a long chain and from 
another m a short chain on the same plate The same organism would 
be large cocci in chains in one colony and small diplococci in chains in 
anothei colony, both colonies being from the same plate For example, 
from the same plate anginosus was described in the two following ways 
wide hemolysis containing long chains of large cocci and narrow hemol- 
ysis containing short chains of diplococci The length of the chain and 
the size of the individual coccus were not critenons as to the type of the 
organism 

CONCLUSIONS 

From the bacteriologic examination of 724 washed specimens of 
sputum from the bronchial tubes of as many patients with asthmatic 
bronchitis the following facts are evident 

The prevalence of hemolytic and nonhemolytic streptococci varies 
from year to year, but it does not seem to vary during the cool period of 
the same year , changes in prevalence occur during the summer season 
The presence of the subgroups or individual varieties of both hemo- 
lytic and nonhemolytic streptococci laries in the same manner One 
}ear a certain organism may not be present at all {ignavus, 1922-1923), 
and another year it may represent nearly half of all the strains of that 
particular type {ignavus 1926-1927) Such wide variations aie,howevei, 
unusual 

Among the hemolytic varieties of streptococci, not more than foui 
of the eight were predominant during any one period, and among the 
nonhemolytic \arieties of streptococci, not more than five of the eight 
piedominated during any one period , usuall} a lesser number of varieties 
■uere predominant 
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In any one specimen of sputum, it was unusual to recover more than 
three different varieties of stieptococci, in one third of the specimens, 
only two varieties were recovered, and in moie than one thud of the 
specimens, only one variety of streptococcus was leco-vered 

The morphology of the colony oi of the organism is not a ciiteiion 
as to the particular organism, litmus seium wateis containing salicm, 
mannite and lactose (Holman’s method) sepaiate the individual 
oiganism 

With the exception of Staphylococcus pyogenes-aiireus, which occa- 
sionally IS present m notable numbeis, bacteria other than stieptococci 
are not prevalent m the sputum of asthmatic patients in sufficient num- 
beis to be comparable to the streptococcus group 

483 Beacon St 
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Exdokrine Kraxkheitex Vox Prof Dr Haxs Curschmanx, Direktor der 
Medizinischen Universitatskhnik zu Rostock I M Mit einem Beitrag von 
Dr kled et Phil Franz Prange, M D , Assistant der Medizinischen Universi- 
tatskhnik zu Rostock I M Paper Price, 8 50 marks Pp 151, with 48 
illustrations and index Leipzig Theodor Steinkopff, 1927 

Dr Curschmann has -written the chapters on the thyroid, parathyroid, the 
hypophysis and the suprarenals, and Dr Prange has written the chapter or 
section on diseases of the ovaries and testis The authors succeeded best in the 
description and classification of the syndromes related to hyperactivity and 
hjpoactivitv on the various endocrine glands They' were more unfortunate in 
the theoretical part of the w'ork There is a brief introduction of less than 
fi\e pages which contains an amazing assortment of dogmatic assertions, 
theories and questionable facts, as shown by the following quotations 

“It seems to be established that none of the hormones partake of the 
chemical nature of proteins ” We have rather clear evidence that the thyroid 
hormone as it leaves the thyroid gland is a protein or at least in combination 
with the protein thy roglobulin 

The followung statement is certainly questionable “Disturbances due to 
malfunction of single endocrine glands (monoglandular disturbances) are never 
seen, all endocrine disturbances are of pluriglandular origin” The author 
states further that “hormones act on the entire metabolism, on the nervous 
sy stem, and especially on tne ^ egetative nervous system ” 

“We know that hormones act especially on the sympathetic and para- 
s\mpathetic systers” “There is no question that the entire endocrine system 
IS under the control of the central nervous system (zerebralen Zentren) ” 

The author compares this cerebral center (hypothetically located in the 
mesencephalon) to the keyboard of a piano It need not be pointed out that 
this conception of the dehcate control of all the endocrine glands through 
cerebral activity is entirely hypothetic, and yet the author states it as a 
proved fact 

The thymus gland is included, without question, among the endocnnes, 
although the evidence for such function on the part of this gland is questionable 
And, finally, the author classes choline as the hormone of gastro-intestinal 
motility', a theory' which is questionable 

In the sections dealing with the specific endocrine malfunctions when the 
authors are closer to their own practical experience, they display more evident 
respect for facts and more critical judgment Nevertheless, w'e find such state- 
ments as the following, speaking of spasmophilia in children “There is no 
doubt that hypofunction of the parathyroids plays a role in infantile convulsions 
or spasmophilia ” 

Such ex cathedra teaching does not establish the facts and hinders rather 
than helps the solution of the problem There is no chapter on the pancreas, 
insulin and diabetes The illustrations m the book are on the whole well 
chosen and classic, but the monograph as a w'hole cannot be considered a 
significant contribution to medical science or to medical practice 
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IODINE COMPOUNDS 

niEiR SELECTIVE ABSORPTION BY THE 1I\ PERPLVSllC 
TIIVROID GL\ND 01' THE DOG 


H B VAN DYKE, MD 

CHICAGO 


Marine and Feiss ^ and Mai me and Rogoft - have dcmonstiatcd both 
b} pel fusion of the sunning isolated oigan and bj injections in vivo 
that the tlnroid gland is able to remove iodide iodine fioiii ciiculating 
fluids iMth extienie lapidiU Appaiently no one, howevei. has studied 
iodine 111 othei foinis which aie sometimes believed to behave chaiactei- 
isticalh when administered to peisons sufteiuig fiom disordeis of the 
tliyioid gland The expennieiits repoited m this papei have theiefoie 
been undertaken to leain, if possible, to what extent compounds contain- 
ing iodine othei than iodide iodine aie selectively absoibed by the thyroid 
gland 


lECIINIC 

In all of the experiments, the selective absorption of the various iodine 
compounds bi the dog s hyperplastic thj roid gland was determined in vivo When 
1 1 C preliminary experiments were performed about three years ago, 3 a large 
proportion of the animals had suitable goiters In attempting to complete the 
\\ork recently, I had great difficulty in finding goitrous dogs, probably because of 
the present extensive use of iodized salt which both dog and man ingest 
Frequently, therefore, as m the experiment, the lesults of which are shown in 
table 4, a control piece of thyroid tissue was removed aceptically and its iodine 
concentration was determined before the experiment was performed The dif- 
ference m iodine concentration between the right and left lobes before the 
injection of an iodine compound was always much less than that which was 
considered significant in the experiments Although most of the animals were 
under ether anesthesia during experimentation, similar results were obtained when 
narcosis was produced bv barbital If the glands uerc of sufficient size, control 


^ From the Department of Physiological Chennstrv and Pharmacology' The 
University of Chicago ’ 

bv ri''' ? ° of Potassium lod.d 

Ip^ri-hSap fs??, Si? ” " ^tod, lying I,, J PHarmacol S: 

bv ^ Absorption of Potassium lod.d 

i* a Thyroid Gland In Viio Folloiving its Intravenous Injection m Con- 
Slant Amounts, J Pharmacol & Exper Therap 8 439, 1916 

3 van Dyke, H B On the Absorption by the Hiperplaslic Thvroid Gland 
TbeTaT frm/ T Pbarmaco, f. I^t; 
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samples were taken from the lowest part of each lobe An iodine compound 
such as thyroxine was then injected intravenously After a suitable time, a 
second sample consisting of the middle part of each lobe was removed There- 
upon potassium iodide solution was given intravenously, some minutes later, the 
remaining superior portions of the lobes were resected The second and third 
samples were always incised before removal to make sure that the circulation, 
grossly judged by bleeding, was adequate 

In the preliminary experiments, iodide iodine appeared to be the most rapidly 
absorbed Hence it was used as a means of comparing the absorption of the 
iodine of the particular compound being examined with that of the iodine of 
potassium iodide The iodine determinations in thyroid tissue were made by 
Kendall’s method In the case of inorganic iodine dissolved in isotonic saline 
solution, the determination was made by direct titration with standardized 
two-hundredth normal sodium thiosulphate solution Often mention is made 
of specimens of thyroid which did not contain iodine , what is meant is that 
iodine could not be detected by Kendall’s method The tables illustrate tvpical 
results from twenty-six successful experiments 

THE SELECTIVE ABSORPTION OF IODINE IODINE 

In seven experiments, small amounts of iodine dissolved m isotonic 
saline solution were administered intravenously, and the changes in the 

Tablc 1 — The Selective Absoiptwn of Iodine Iodine and of Iodide Iodine 


Ethel nnesthesia Mongrel of 7 0 Kg ivcight 

Weight of Dried Iodine in 
Thjroid Gland Dried Thyroid 


Tune, 


Analyzed, 

Gland, 


Minutes 

Lobe 

Mg 

per Cent 

Comment 

0 

R 

48 2 

0 

Control 

5 




10 0 mg of iodine iodine in isotonic 
saline solution injected intraa enoiisly 

20 

L 

95 5 

0 


L 

120 9 

0 


23 




5 G mg of iodine as potassium iodide 





injected mtrnienouslj 

30 

K 

71 2 

0 007 

Amounts too small to be titrated iccu 


R 

84 2 

0 012 

rately 


iodine concentiation of the thyioid gland were detei mined The experi- 
ment the results of which are given m table 1 is typical of what was 
found when the interval between injection and removal of samples was 
less than fortj^-five minutes Iodine seemed not to be taken up by the 
gland In some of the experiments in which the injection was made 
one to two hours before samples were resected, the iodine concentrations 
of the glands Avere definitely increased Howevei, the hyperplastic 
thyroid gland did not take up iodine iodine at the remarkably rapid late 
at which it removes iodide iodine from the blood stream 

Probably free iodine is bound chiefly by the blood lipoids when it 
is injected intravenously A ceitain amount may slowly be reduced to 
iodide iodine which is then removed from the circulating fluids by 

4 Kendall, E C Determination of Iodine in Connection with Studies in 
Thyroid Activitj J Biol Chem 43 149, 1920 
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the thyroid Free iodine in comparison with iodide iodine, even if one 
assumes that the foimer is absorbed, seems therefore to have little sig- 
nificance in thyroid physiology if experiments such as these are used as a 
criterion 

THE SELECTIVE ABSORPTION OF lODATE IODINE 

lodate iodine appeared to be taken up by hyperplastic glands much 
more quickly than iodine iodine Ten experiments including control 
observations, were performed because of the smaller difference between 
the selective absorption of lodate iodine and that of iodide iodine 
Table 2 contains data from an experiment in which onl)' lodate iodine 

Taull 2 — The Selective Absoiptioii of lodalc Iodine 


Time, 

Minutes 

Lobe 

lather anesthesia Mongrel of S H Kg eight 

Weight of Dried Iodine in 

Thyroid Gland Dried Thyroid 

Annly/cd, Gland, 

Mg per Cent Comment 

0 

L 

1301 

0 

0 

B 

2S1 9 

0 

7 

IS 

L 

261 0 

9 95 mg iodine as potassium lodate 
injected intravenouslv 

0 036 

20 1 

B 

170 3 

0 019 

32 

L 

ISOl 

0 038 

32 

B 

118 0 

0 038 


Table 3 — The Selective Absorption of lodate Iodine and of Iodide Iodine 


Fther anesthesia Mongrel of 10 Kg v eight 


Weight of Dried Iodine m 
Thyroid Gland Dned Thyroid 


Time, 


Analyzed, 

Gland, 




Minutes 

Lohe 

Mg 

per Cent 


Comment 


0 

L 

879 

0 033 

Controi 



7 

B 

179 4 

0 032 




13 




10 7 mg 

iodine as potissium 

loddte 





injected 

intra^ enouslj 


22 

L 

162 4 

0 048 



215 

B 

218 4 

0 053 




25 




o 44 mg 

iodine as potassium 

iodide 

3S 




injected 

intraienou=lj 


L 

127 9 

0 064 



38 

B 

179 7 

0072 





■\\as administered After about ele\en or twelve minutes, there was a 
marked change in the iodine content of the gland (The smaller value of 
the sample from the right lobe remo\ed at 20 5 minutes probably was 
due to interference with the circulation by the ligation of the vessels of 
the lower pole on that side ) During the succeeding ten to fifteen min- 
utes, there was little change in the amount of iodine contained in the 
thyroid 

An example of the second tyjie of experiment is to be found in the 
experiment the data of which are given m table 3 Before injec- 
tions, the iodine concentration of the gland was higher than in the first 
expel iment It is well known that the lovvei the initial concentration of 
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iodine in the thyroid, the greater is the ability of the gland to absoib 
selectively iodide iodine In the second experiment, one would expect 
a p] Id] i less lodate and less iodide iodine to be taken up than in the 
experiment of table 2 There was a definite selective absorption of both 
lodate and iodide iodine From other experiments and from those the 
data of which is presented, there appeared to be a greater increase in the 
final concentration of iodine after the injection of iodide than one 
would encounter if lodate instead of iodide iodine had been given on the 
second occasion It should be noted that only about half as much iodide 
iodine was usually administered 

Some idea of the rate at which iodide iodine was taken up by such 
a hyperplastic gland may be gained from an examination of table 4, in 
the experiment of which thyroxine iodine was first injected Usually ten 
minutes after the administration of about 5 mg of iodide iodine into a 
suitable animal, there was an increase in the concentration of iodine in 
the thyroid gland equal to that following the administration of twice as 
much lodate iodine at a somewhat longei period previoiisl}^ 

THE SELECTIVE ABSORPTION OT THYROXINE IODINE 

As IS generally known, the administration of thyroxine to an animal 
characteristically increases the basal metabolic rate after a prolonged 
latent period Just how this occurs is not known , but it seemed possible 
that some light might be thrown on the mechanism of the action of 
thyroxine by ascertaining whether oi not the hormone, so far as it can 
be identified by its iodine, is acutely taken up bj the hyperplastic thyroid 
gland which selectively absorbs lodate and especially iodide iodine 
Thyroxine made by Kendall’s method ® and by the later process of 
Hanngton ® was used in four experiments, all of which gave identical 
lesults From one to two hours after the injection of thyroxine, it was 
possible to detect only untitratable traces of iodine m the samples of 
thyroid analyzed Howevei, there was a well maiked acute increase in 
iodine concentration in samples of thyroid removed from the same ani- 
mal a much shorter time after the injection of a considerably smaller 
amount of iodide iodine These results aie illustrated in the data of 
table 4 The thyroxine used in this experiment had been made b^ 
Harington’s method 

Whethei or not such observations have any significance as to the 
pharmacologic action of thyroxine remains unsettled Too little time 
elapsed between injection of the thyioxine and analysis of the thyroid 
for the charactei istic effect on metabolism to haAe appeared 

5 Kendall, E C Isolation of the Iodine Compound Which Occurs in the 
Thyroid, J Biol Chem 39 125, 1919 Purchased from E R Squibb and Sons 
Companj 

6 Hanngton, C R Isolation of Thyroxine from the Thyroid Gland, 
Biochem J 20 293, 1926 Purchased from The British Drug Houses, Ltd 
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IHi: SELECTIVE ABSORPTION OF IODINE COMPOUNDS AFTER 
bilateral LIGATION OF THE SUPRARENAL GLANDS 

Some }ears ago, Marine and Baumann ' leported that there appealed 
to be a definite relationship between the thjroid gland and the supiarenal 
cortex in the maintenance of the normal metabolism of the rabbit 
Resection of the mam suprarenal bodies usually resulted in an increased 
pioduction of heat which failed to appear if the animals had previously 
been thyroidectomized Marine and Baumann weie of the opinion that 
in the rabbit there was little interfeience with the stoiage of iodine of 
the thyroid glands of animals that had been subjected to bilateial supia- 
lenalectomy alone At about the same time, Black, Huppei and Rogers ® 
published data from which they concluded that the feeding of supiaienal 

Tablc 4 — The Selective Ahsoi ption of Thyioiinc Iodine and of Iodide Iodine 


Fther anesthesia Toung- foA tenner mongrel of S 0 Kg weight 
Weight of Dried Iodine m 


Time 


Thvroid Gland 

Dried Thyroid 


f 

, 


Analyzed, 

Gland, 


Hr 

Mm 

Lobe 

Mg 

per Cent 

Comment 



R 

153 9 

0 

Sample removed aseptically day preeed 






mg experiment 

0 


L 

44 0 

0 

Additional control 

0 

s 




13 2 mg of iodine as thyroxine (20 25 






mg ) dissolved in 4 5 ce of tenth nor- 






mal sodium hydroxide mjected intra 






venously 

1 

31 

R 

122 9 

Trace 


1 

38 

L 

690 

Faint trace 

1 

38 

L 

147 9 

Trace 


1 

39 




4 SS mg of iodine as potassium iodide 






injected intravenously 

2 

5 

L 

1491 

0 047 




L 

143 6 

0 062 




R 

213 5 

0 047 



“residue” to dogs was accompanied by an increase in content of iodine 
of the thyroid Theie thus was a possibility of this interrelationships 
being furthei manifested by an alteration in the ability of the hypei- 
plastic thyroid gland of the dog to take up iodine after resection of the 
suprarenal glands 

In five successful experiments, the supiarenal glands were eithei 
removed or ligated The completeness of the opeiation was confirmed 

7 Marine, David, and Baumann, Emil J Influence of Glands with Internal 
Secretions on the Respiratorj^ Exchange III Effect of Suprarenal InsufRciencj 
(by Removal) in Thyroidectomized Rabbits, Am J Phjsiol 59 353 (Feb) 
1922 V Effect of Suprarenal Insufficiency (by Remoial) in Thyroidectomized 
Rabbits, J Metab Research 1 777 (June) 1922, VI Further Data on the 
Effect of Suprarenal Insufficiency (by Remoial) m Rabbits, J Metab Research 
2 1 (July) 1922 

8 Black, E III , Hupper, iMarjone and Rogers, John The Effects of 
Adrenal Feeding on the lodin Content of the Thyroid Gland Am J Physiol 
59 222 (Feb ) 1922 
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by neciops}'^ in each case Aftei fiom six to se^en houis, furthei thyioid 
samples were removed and an iodine compound was injected intra- 
venously immediatel}’’ afterward Analysis of the final samples revealed 
to what extent iodine was selectively hound by the thyroid gland under 
such conditions 

The experiment of table 5 indicates more cleail)' how the data weie 
obtained After supraienal lesection, as fai as the thyroid gland was 
concei ned, there did not seem to be any change in either the iodine content 
or in the ability of the gland selectively to absorb iodide iodine In othei 
experiments, iodine and lodate iodines were taken up by hypei plastic 
thyioid glands exactly as in normal animals It is obvious, of couise, 
that the results might have been different had I injected the iodine com- 
pounds at a consideiably later period when symptoms of insufficiency of 
cortical “secietion” would have been manifest 

Table 5 — The Selective Absoipftou of Iodide Iodine aftei Bilateial 
Ligation of the Adicual Glands 


nthei ^nestllesla Mongrel of 10 Kg v eight 

Weight of Dried Iodine m 
Tunc Thyroid Gland Dried Thvroid 


r 

^ , 


Analyzed, 

Gland, 


Hr 

Min 

Lobe 

Mg 

per Cent 

Comment 

0 

IS 




Eight supnieml gland ligated 

0 

32 




Left suprarenal gland ligated 

0 

57 

L 

440 8 

0022 

Control 



L 

313 4 

0 026 




L 

466 0 

0 020 


6 

36 

L 

472 5 

0021 




L 

344 6 

0 021 


6 

45 




15 3 lag iodine as potassium iodide 






injected intravenously 

7 

5 

R 

414 0 

0 050 




B 

322 2 

0 052 

r« 


COMMENT 

The results of most of the expeiiments which have been pei formed 
in an attempt to determine the manner in which iodine is removed from 
the gastro-intestmal tract have led to the conclusion that if iodine iodine 
IS administered, it is found to have been reduced to iodide in serum ® 
Moreover, Marine and Rogoff pointed out that eight hours after the 
injection of an iodide solution into an animal having a well marked 
hyperplasia of the thyroid gland, phaimacologic evidences of an alteied 
secietion appeared These facts, together with the results of the expeii- 
ments cited in this papei , suggest that m practice iodide iodine is of chief 

9 Sollmann, Torald The Fate of lodin, lodids, and lodates in the Body, 
J Pharmacol & Exper Therap 9 269, 1917 

10 Marine, David, and Rogoff, J M How Rapidly Does the Intact Thyroid 
Gland Elaborate its Specific lodin Containing Hormone^ J Pharmacol & Exper 
Therap 9 1, 1916 
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pharmacologic significance in alteiing thyioicl secretion There appears 
to be little expel imental basis for the use of free iodine, even if loosel> 
linked with iodides, as in Lugol’s solution, in the tieatment of patients 
with A^arious types of goitei 

As far as the experiments repoited m this papei aie concerned, the 
icason for the slight absoiption of iodine iodine and especially of 
thyioxme iodine jieihaps is that these substances weie more oi less 
selectively taken up by othei tissues m the bod} Some idea of the 
coirectness of such a ciew could be fuimshed by estimations of the 
iodine content of the blood coincidently with the lemo^al of samples of 
th}roid and of othei oigans 

SUMMARY 

1 An attempt has been made by acute expeiiments to determine 
quantitatively the lates at which the hyperplastic thyioid gland of the 
dog selectively absorbs canons iodine compounds Thyioxme iodine is 
eery slowly taken up, while free iodine is absorbed relativel} moie 
lapidly lodate iodine is bound quickly by such glands but appaienth 
not so quickly as iodide iodine, which is selectively absorbed b} the 
hyperplastic gland moie lapidly than an^ of the iodine compounds 
studied 

2 The selective absoiption of iodine, lodate and iodide iodines is 
unaftected by complete bilateial ligation of the supiaienal glands six or 
seven houis pieviously 
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Following intravenous administration theie was a cleciease fiom 
the lowest contiol pulse rate, within the first five minutes, of fiom 8 
to 42 per cent or an aveiage decrease of 24 per cent This was gen- 
erally followed by an increase, the average in this group being an 
increase of 24 per cent, while subsequent pulse rates varied usually only 
slightly fiom the control rate 

Fifteen minutes after the subcutaneous injection theie was a decrease 
111 the pulse rate of 13 per cent with limits from -j- 9 to — 39 per cent 
Later, the average pulse late was neai the control rate although still 
below at the end of thirty and sixty minutes, and above at the end of 
two hours 

No appreciable change took place in the pulse rate in those experi- 
ments 111 which ephedrine was given orally 



Chart 1 — The effect of ephedrine on the minute cardiac output of normal dogs 
at various time intervals after intravenous injection, circle indicates 0 5 mg 
per kilogram, black dot, 1 mg per kilogram, x, 4 mg per kilogram 

Blood Gasev — When the animals weie bieathing oxygen blood 
samples iiatuially showed an increase m the arterial oxygen content 
The experiments in which the blood samples were drawn immediatel) 
before or from three to five minutes aftei the oxygen consumption was 
detei mined, showed in each case after the administiation of ephediine 
an increase in the aiterial oxygen content from 1 to 2 5 volumes pei 
cent This change was not evident during the final detei minations when 
the blood flow appioached the control level The changes in the venous 
ox 3 rgen content geneially led to a diminution of the aiteriovenous 
dififei ence 

Oxygen Consumption — An inciease m the oxygen consumption 
lasting from fifteen to thirty minutes was noted in evei}'^ experiment 
following intrar^enous injection The degiee of increase vaiied con- 
siderably in individual experiments Aftei the subcutaneous administia- 
tion the oxygen consumption inci eased more than 10 per cent in five 





Table 1 — The Effect of Ephcdjine lult avenously on the Pulse Rate, Oiygen Conumption and Minute Caidiac Output 
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experiments in the first fifteen minutes, while m one there was onl} a 
slight change from the control Of these increases of more than 10 
per cent, one lasted thirty minutes and another was still over 10 per 
cent at the end of two hours In those experiments m which a stomach 
tube was passed, there ivas a decrease in the consumption of oxygen 
wnthm fifteen minutes in two dogs and a slight increase m one, ivhile 
subsequent determinations proved to be variable 

Cmdmc Output — 1 Ephedrme Given Intravenously Immediately 
following the injection there was a decrease m the minute cardiac output 
m three experiments averaging 11 per cent, while m the other three 
experiments there ivas an average increase of 26 9 per cent After thirt)' 
minutes the output had returned to normal limits Chart 1 shows the 
results of all the intravenous experiments One dog (Vje Eg, see also 
Ef) reacted to the injection with a pronounced decrease in the minute 
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Chart 2 — The effect of ephedrme on the minute cardiac output of normal dogs 
at lanous time intervals after subcutaneous injection, black dot indicates 1 mg 
per kilogram, circle, 2 mg per kilogram 

output, and a half hour later still had not letuined to the normal control 
level This dog was also used in stud) mg epinephrine hydrochloride 
and was found to react with a decrease in the minute cardiac output 
The question of idiosj-nciasy to these drugs suggests itself as an 
explanation 

2 Ephedrme Given Subciitaneoush Regardless of the dose, in five 
experiments there w'^as an a\ erage increase m the minute output of 32 6 
per cent within fifteen minutes, while in one there was a decrease of 
23 5 per cent and m thiee the result was within the limit of error allowed, 
— 10 per cent (chart 2) After thirty minutes there was an average 
increase of 25 3 per cent m seven determinations and a decrease of 18 
per cent m one There was a return to normal in file experiments at 
the end of sixty minutes , in two the time required ivas from 120 to 145 
minutes, and m tivo others the return to a noimal flow" was not studied 




Table 2 — The Effect of Ephcdimc Subcutaneously on the Pulse Rate, Os-ygen Consumplion and Minute Cardiac Output 
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3 Ephednne Given Orally Fifteen minutes after administration 
there was an increase in the circulatory minute volume of 18 3 per cent 
in one experiment and no change in another (chart 3) Three deter- 
minations made at the end of thirty minutes showed an average increase 
of 20 per cent in the output of the heart In 120 minutes the cardiac 
output had returned to normal As there are onl)’- three expeiiments 
in this group conclusions drawn from them must be guaided Although 
the change in the minute output was greater in two experiments than it 
was in any by the intravenous or subcutaneous method and the average of 
the three oral experiments stands well above the othei a^erages, we 
only wish this to be considered as a suggestive observation 



Chart 3 — The effect of ephednne on the minute cardiac output of dogs at 
various time intenals after oral administration 

COMMENT 

From the foregoing data it is evident that the minute cardiac output 
of normal dogs generally increases in response to ephednne given 
intravenously, subcutaneously or by mouth in therapeutic doses In a 
comparison of charts 1, 2 and 3, it is noted that the increase in cardiac 
output develops most rapidly following the intravenous administration 
of ephednne, second most rapidly after the subcutaneous injection, and 
least rapidly when the drug is given orally This, of course, is to be 
expected The duration of the action is about equal for the subcutaneous 
and oral method of administration Chart 4 is made by averaging the 
results of all experiments and plotting the results against time intervals 
While the number of experiments does not allow such mean values to 
be an exact representation of the effect of the drug it does gi\ e a rough 
indication of the degree and duration of action 

The problem of clinical importance is concerned with the use of 
ephednne in acute circulatory insufficiency, commonly called shock A 
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drug, to be of most use m combating this emergency, must fulfill certain 
requirements, namely, it must increase the circulatory minute volume 
an appreciable amount and maintain this increase for an appreciable 
length of time without any depressing after effects , cause a maintained 
increase of the blood pressure, and decrease the pulse rate 

Chen ® has reported good results following the use of ephedrine in 
experimental shock, satisfying the preceding requirements, provided the 
degree of shock is not too severe He believes, as do we, that the results 
are accomplished by direct action on the heart muscle Blalock ^ has 
arrived at the same conclusions in mild hemorrhagic shock, with the 
exception of the slowing of the pulse rate In severe shock, ephedrine, 
according to Blalock, has less beneficial effects and may be injurious 
The effect of ephedrine on the pulse rate in anesthetized dogs was not 
studied by us, but Chen has shown that in this state there is an accelera- 
tion in the rate 
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Chart 4 — The average change m minute cardiac output at various time 
intervals after the administration of ephedrine by three different methods — 
intravenous, subcutaneous and oral, circle indicates intravenous, black dot, sub- 
cutaneous, V, oral 

We encountered but one instance in this series which would lead us 
to say that ephedrine was a dangerous drug, and m this experiment we 
were using a far smaller amount than that given by Chen’’ as the 
minimal lethal dose for dogs intravenously, which is from 70 to 75 mg 
per kilogram We did not follow this observation with more experi- 
ments and the doses used in other instances did not lead us to believe 
that there was any great danger in the administration of ephedrine in 
small amounts 

Chen and Meek ^ have shown that ephedrine diminishes the size of 
the spleen Such an action would afford an explanation of the increase 
m the oxygen content of the arterial blood, in as much as it would cause 


6 Chen, K K. J Pharmacol & Exper Therap 26 83, 1925 

7 Chen, K K J Pharmacol & Exper Therap 27 61, 1926 
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an increase m the number of circulating red blood corpuscles and, 
therefore, in the oxygen carrying capacity of the blood That this is a 
function of the spleen has been maintained by Barcroft for a number 
of years Lamson® is not in accord with this idea, having concluded 
from a number of experiments concerned with the effect of epinephrine 
hydrochloride on the red blood count that the liver, or the portal circula- 
tion, IS the seat of the series of events which leads to the temporal y 
polycythemia 

It would seem, fiom an examination of the tables, that the increases 
in the oxygen consumption had a decided bearing on the values obtained 
for the caidiac output The fact that this does not always occur is 
important, and also that we had a large number of experiments in which 
the oxygen consumption varied considerably during the control periods 
but the arteriovenous oxygen difference compensated in these, giving 
deteiminations on the circulatory minute volume which were in 
agreement 

Our results using epinephrine hydrochloride are reported in a 
preceding paper In a comparison of the dosage used and the con- 
sistency and duration of action of epinephrine hydrochloride and 
ephedrme the following points are noted The dose of epinephrine 
hydrochloride used corresponds to a large therapeutic dose for an adult 
patient, while the amount of ephedrme given is probably the average 
amount that would be given to a patient Intravenously, epinephrine 
hydrochloiide increases the circulatory minute volume more consistently 
than ephedrme, whereas the duration of action is about one third as long, 
the latio being five minutes for epinephrine hydrochloride to fifteen 
minutes for ephedrme Subcutaneously, ephedrme and epinephrine 
hydrochloride m the doses used have practically the same effect on the 
cardiac output, as regards consistency, degree and duration of action 
Ephedime usually causes a slowing of the pulse rate of normal dogs, 
while epinephime hydrochloride usually has the opposite effect 

Because of this and because the action of ephedrme is less variable, 
and fuitheimore because secondary depression following the initial 
increase m cardiac output occurs more frequently when epinephrine 
hydi ochloi ide is used, we believe that ephedrme is the better drug of the 
two in the treatment of circulatory collapse 

SUMMARY 

Ephedrme given intravenously to normal dogs usually causes an imme- 
diate increase m the minute cardiac output, which lasts fifteen minutes 
or longer If the drug is given subcutaneously the action is more uni- 
fonn and of a greater degree, developing within fifteen minutes and 


8 Lamson, P D J Pharmacol & Exper Therap 9 129, 1916 
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lasting forty-five minutes oi longer If it is given orally an increase 
develops after thirty minutes and lasts about an hour 

In normal dogs the pulse rate is slowed after the intravenous and 
subcutaneous administration of ephedrine 

The subcutaneous method of administration of ephediine for its 
effect on the circulatory mechanism is probably the most suitable, 
although the oral method gave the highest average in the few expeii- 
ments perfoimed 

CONCLUSIONS 

Ephedrine increases the minute cardiac output, and the results of its 
use in shock indicate that it is of value as a cardiac stimulant 
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OBbERVATIOKS ON THE BEHAVIOR OF STOMACH AND DUODENUM 
IN THE PRESENCE OF PAIN 

MALCOLM J WILSON, MD 

TORONTO 

Various hypotheses have been advanced m explanation of the pain 
in duodenal ulcer This pain has been ascribed to irritation of exposed 
neive endings in the ulcer base by the acid gastric juice, or to sensi- 
tization of the pain-producing mechanism m some way by acid Bon- 
ninger,’- Palmer " and others hold such views Mechanical irritation 
by coarse pai tides of food is the cause assigned by Pick ^ Spasm of 
the pyloric sphincter or of the duodenal cap has been put forward by 
Glaessner and Kieuzfuchs^ and many others Tension, due to an 
inhibition of relaxation of the pyloric sphincter, combined with strong 
gastric peiistalsis, has been advanced by Huist'^ as the cause That 
distention of the stomach is an important element in tire pain of gastric 
ulcer and that this pain is readily relieved by passing a tube into the 
stomach is stated by Poulton ° That the pain is possibly due to move- 
ment of the pyloius toward the midline, “thus putting traction on 
the duodenum,” has been suggested by Alexis Thomson Again, it 
IS conceivable that the pain might result fiom an exaggeration of the 
noimal hunger contractions, and indeed, the teim “hunger pains” is 
fiequently employed in this connection by both patients and physicians ® 
Finally, it is possible that spasm elsewheie than at the pyloric sphincter 
can cause pain, as m a case described by Reynolds and McClure ° 

■' Thesis submitted for Degree of Doctor of Medicine, University of Toronto 
The results of this investigation were presented at the meeting of the American 
Gastro-Enterological Association, Atlantic City, N J , May 2, 1927 

From the Department of Medicine, University of Toronto, and the Medical 
Service of the Toronto General Hospital 
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When one examines these hypotheses a little more closely, one 
finds that Bonninger diagnosed gastric ulcer by putting 100 or 200 
cc of tenth normal hydrochloric acid into the empty stomach through 
a tube Only patients with ulcer experienced pain, and the healing 
of the ulcer could be gaged by the lessening of the response to this 
test On the othei hand, Hurst introduced 0 5 per cent hydrochloric 
acid into the stomachs of six patients with gastric ulcei, and no sensation 
whatever was produced He concluded that “contact with free hydro- 
chloric acid IS not the direct cause of the pain in gastric and duodenal 
ulcer ” Ryle reported instances of patients with gastric ulcer who 
had complete achlorhydria with severe and characteristic pain, and 
similar instances of duodenal ulcer associated with hypochlorhydna 
have been described by Moynihan,’^’- Hardt and others Recently, 
however. Palmer reported that the administration of from 200 to 400 
cc of 0 5 per cent hydrochloric acid caused pain in several patients 
with duodenal ulcer and in several with gastric ulcer He stated that 
“hydrochloric acid is the normal stimulus to the pain producing mech- 
anism of sensitive peptic ulcers ” Pick’s suggestion that mechanical 
irritation of food is the cause of the pain fails to explain the relief 
obtained when more food is taken oi when sodium bicarbonate is 
ingested Further, the pain does not occur until most of the meal 
has passed the site of the ulcer In 1892, Ewald suggested that 
“the surface of the ulcer is distorted and its nerves irritated by the 
contractions accompanying digestion” In 1913, Glaessner and ICreuz- 
fuchs ^ found that the pain of duodenal ulcer was due to prolonged 
“late” pyloric spasm, as evidenced by a persistent clear interval between 
the gastric and duodenal shadows on roentgen-iay examination Rey- 
nolds and McClure ° found that spasm of the pyloric sphincter, as shown 
by the absence of barium in the cap and duodenum during strong 
gastric peristalsis, was present m a number of persons with duodenal 
ulcer during the time of pain In one patient, however, severe pain 
was felt while barium was seen to be passing through the sphincter, 
the next peristaltic wave showed complete p 3 dorospasm, although the 
pain had ceased Ginsburg and his associates showed that pain was 

felt at or after the maximum of hunger conti action, and this was 

confirmed by Carlson,^® Hardt and others This hypothesis failed 

10 Rvle, J A Gastric Function in Health and Disease, New York, Oxford 
University Press, 1926, p 118 

11 Moynihan (footnote 8, second reference) 

12 Hardt, L L J Gastric Pam, JAMA 70 837 (March 23) 1918 

13 Ewald, C A Diseases of the Stomach, New York, 1892, p 244 

14 Ginsburg, H , Tumpowsky, I , and Hamburger, W W Pam in Gastric 

Ulcer, JAMA 67 990 (Sept 30) 1916 

15 Carlson, A J Am J Physiol 45 80, 1917 
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to explain why patients seldom had pain befoie breakfast and win 
m many cases it passed off before the next meal Further, Homans 
found that pain may occur independently of muscular actnity of the 
stomach, as judged by changes in the pressure of a balloon in the 
stomach Also, Ortma}er^' showed that no change occuired in 
the character of the gastric contractions during the relief of pain In 
alkalis 

That spasm of a part of the stomach may be the cause of pain 
In some persons with duodenal ulcer is suggested by the obsen^ations 
of Reynolds and McClure,® who describe one case in which duodenal 
ulcer was associated with an hour-glass contraction of the stomach 

In some of the papers referred to here there is a certain amount 
of confusion as to the site of the ulcers discussed, since the lesion 
is termed a “peptic” ulcer, and the exact situation is not stated It is 
not certain that the conclusions drawn from a study of gastric ulcers 
can be applied to those of the duodenum, or vice versa 

A careful study of the work of all the authors consulted shows 
that the views of the majority may be summarized in two hypotheses 
namely, that the pain is caused by (a) “acid” or (b) muscle tension 
Some authors have combined these by suggesting that acid causes 
hypertonus and pylorospasm, and have said that in patients with true 
achylia pylorospasm never occurs 

In support of the acid hypothesis is the fact that the gastric acidity 
IS high m many patients with duodenal ulcer, and also that relief by 
the administrations of alkalis is an almost universal experience, at least 
at some period in each patient’s history The statements of Bonmnger, 
Palmer and others that pain follow's the administration of from 100 to 
200 cc of from 0 36 to 0 5 per cent h 3 '^drochIoric acid on an empty 
stomach are strongly in its favor. Further, Sippy and Palmer found 
constant relief by emptying the stomach in such cases, and m these the 
gastric contents w'ere markedly" acid 

Against the acid hypothesis are the few^ instances on record of 
patients with duodenal ulcer m wdiose gastric contents free acid was 
not found In the literature there are also reports of many cases of 
patients wnth hypochlorh} dria Hurst, Gmsburg and others failed to 
produce pain by administering from 0 5 to 1 per cent Iwdrochlonc 
acid, although Gmsburg found that in one patient the administration of 
5 per cent hydrochloric acid w as follow^ed by intense pain and vomiting 
Reynolds and McClure poured 0 36 per cent hydrochloric acid through 
a tube directly on a duodenal ulcer producing pjlorospasm, cessation 

16 Homans, J Am J it Sc 157 74 1919 

17 Ortmajer, M Gastric Motor Actnit> in Patients with Peptic Ulcer 
Arch Int Med 35.423 (.'\pril) 1925 
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of gastric peristalsis, and duodenal antiperistalsis, but no pain Hardt 
e-v en found temporar}’- relief from the administration of 0 3 per cent 
h}drochlonc acid In Palmer’s cases, the pain did not appear for 
several minutes (from six to twenty-eight) after the introduction of 
the acid 

The first evidence in fa^or of the muscle tension hypothesis is the 
tracings of mtragastric pressure of Carlson, Ginsburg and Hardt, show- 
ing that pain most frequently appears at or just after a contraction of 
the musculature of the fundus In the opinion of Rogers and Hardt,^® 
such contractions are violent peristaltic waves Glaessner and Kreuz- 
fuchs and Reynolds and McClure found pjlorospasm or certain tj^pes 
of abnormal muscular activit}’’ present during pain, the latter showed 
that these abnormalities ^\ere replaced bj’- more nearly normal muscular 
activities following the administration of alkahs Poulton passed tubes 
mto the stomach and duodenum of each patient, and ascribed the relief 
experienced to equalization of the internal pressure He also intro- 
duced air under pressure and increased the pain 

Against the tension hj^pothesis is Palmer’s roentgenogxaphic evi- 
dence that peristalsis and pylorospasm appeared and disappeared without 
relation to pain Reynolds and McQure obsetw^ed one patient m whom 
pain was present with a patent pjloric sphincter, and a moment later 
pjlorospasm set in and the pain vanished In a patient with chronic 
duodenal ulcer, Homans found that powerful contraction of the stomach 
was present without pain and, on the other hand, that the patient 
experienced pain during a quiescent inteiv^al Ortmayer, using the same 
technic, was unable to detect anj change in the frequenc}' or extent of 
the contractions of the stomach during the relief of pain by alkalis 

To throw some light on this problem, direct observations were made 
under the fluorescent screen on the movements of the stomach and 
duodenum in patients suffenng from duodenal ulcer associated with 
pain at the time of observation Considerable difficulty w as experienced 
in secunng suitable patients for this investigation because many, 
including, of course, those in the wards of the hospital, had received 
treatment, such as rest in bed, suitable diet and alkalis, and were now 
free from pain By selecting patients attending the outpatient depart- 
ment w ho had not received treatment, sixteen who were suitable for this 
imestigation w'ere found in a period of two years Each patient was 
given a barium meal and was examined fluoroscopically in the standing 
position as soon as possible after the onset of pain Immediately after 
the fluoroscopic examination and while some barium remained m the 
stomach, a small tube was passed and some of the gastric contents 
removed and examined chemicalty 


18 Rogers, F T , and Hardt, L L J Am J Ph} siol 38 274, 1915 
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In all cases the barium had sedimented so that only the shadow 
of the greater curvature could be made out An estimate was made 
of the amount of the meal remaining in the stomach, and it was found 
that this varied from 5 to 60 per cent The stomach was now obseiwed 
foi several minutes to see whether peristalsis could be detected in the 
greatei curvature Ten of the patients were found to exhibit peiistaltic 
waves, which varied considerably m depth and frequency, being classified 
as slight, good or very good Barium was not seen to entei the cap 
in any case 

After the behavior of the stomach was observed for some minutes, 
pressure was applied on the abdominal wall, and baiium was forced 
thiough the pyloric canal into the cap At first considerable difficulty 
was experienced in filling the cap, later, as the operator became more 
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expert in this manipulation, it was found that the cap could be filled 
with ease on the first attempt m nearly every instance Subsequent 
observations showed that the difficulty encountered in the first attempts 
was due to spasm of the pylorus induced by massage 

In thirteen of the sixteen cases, it was found that filling the 
duodenal cap by manual pressure on the abdomen was followed almost 
immediately by relief from the pain In three instances the pain 
vanished completely on the first filling of the cap and did not recur 
In five cases the pain vanished completely but recurred m a few seconds 
In five cases the acuteness of the pain was lessened, leaving a sense 
of soieness In the remaining three cases the pain was not relieved 
when the gastric contents were forced into the duodenum These are 
discussed later in the paper In seveial of the cases the patient volun- 
teered the statement that his pain had been relieved , in the others, the 
question “How is the pain now^” met with the response “It is gone,” 
or “It is much better ” 
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The accompanying table shows the time of onset of the pain, the 
time of obsen^ation, the principal fluoroscopic manifestations and the 
free and total acidity of the gastric contents m these sixteen cases 
The last three patients m the list differed from the others, and then 
protocols and the protocol of an additional patient are given in full 

PROTOCOLS OF LAST THREE CASES IN TABLE 

Case 14 — ^The patient had had epigastric pain from one-half to two hours 
after meals at intervals for twelve years 

9 50 a m A barium meal was given The duodenal ulcer close to the 
pyloric sphincter was confirmed by a series of roentgenograms 

11 55 The patient had had pain for the last thirty minutes with headache 
Both the pain and the headache were intermittent 

11 58 Fifteen per cent of the barium meal remained in the stomach The 
rate of peristalsis was fairly good, but not nearly as strong as it had been at 
9 50 to 10 The pain came and went without any change in peristalsis 

12 02 By means of manual pressure on the abdomen, a little barium vas 
squeezed past the pyloric sphincter Much pressure was required The cap 
could not be filled, but a streak of barium was seen to pass into the second portion 
of the duodenum No change in sensation occurred 

12 03 to 12 07 The manipulation was repeated twice The pain kept coming 
and going, and was not influenced by pressure or squeezing over except at the 
last manipulation when, discomfort not being present, squeezing over was followed 
by pain Frontal headache also came and went, roughlv parallel to the occurrence 
of epigastric pain 

12 20 A duodenal tube was passed 

12 21 to 12 27 Sixty cubic centimeters of opalescent, white gastric contents 
containing a little mucus was removed Free acid was 78 and total acid, 93 

Case 15 — ^At 10 10 a m , a barium meal was given The presence of a 
duodenal ulcer was confirmed by a series of roentgenograms 

11 25 Soreness had been noticed in the epigastrium for the last thirty-five 
minutes while the patient had been lying down 

11 35 Sixty per cent of the meal remained in the stomach Peristalsis did 
not occur Soreness was not present now 

11 38 Still peristalsis and soreness were not present Barium was pressed 
into the cap with moderate difficulty Soreness ensued The soreness came and 
went Sometimes barium could be pressed into the cap and sometimes it could not 
(It was concluded at the time that the soreness was not wholly due to spasm ) 
The obstruction encountered was not proximal to the pyloric sphincter, since the 
shape of the gastric shadow was normal When the gastric contents could be 
pressed into the duodenum during the soreness, this was eased Vigorous manip- 
ulation apparently caused soreness There was a constant residue in one small 
spot of the cap (crater?) Only once was a peristaltic wave seen 
11 55 The obseriation was concluded 
Case 16 — ^The patient was 45 years of age 

9 45 a m A barium meal was given The presence of a duodenal ulcer 
was confirmed by a series of roentgenograms 

10 00 Pam commenced 

10 15 Fifty per cent of the meal remained in the stomach The stomach 
uas seen to be in the pelvis, the greater curvature being about 4 inches (10 cm ) 
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below the mtercnstal line Peristalsis did not occur When the stomach \\as 
raised by pressure on the abdomen, the pain %anishcd When the pressure ^\as 
released the pam returned This was repeated tuice ^\lth similar results 

10 23 The patient put on his abdominal belt, and at once the pam ^\as 
eased He stated that he did not feel pam when lying down 

With reference to the obsert^ation of Re 3 niolds and McClure ° that 
spasm of some part of the stomach may he associated with the pam in 
some patients with duodenal ulcer, the following is the only instance 
I have seen which suggests this 

Case 17 — The patient had had attacks of epigastric pain about two hours after 
meals for several years The pam was relieved b> food 

9 45 a m A barium meal w'as given Fluoroscopic examination showed a 
constantly deformed cap This w'as confirmed by a series of roentgenograms 

11 50 Epigastric pam commenced 

12 05 The stomach w'as empty, as seen under the fluoroscope The pain came 
and w'ent 

12 10 The patient w'as given a barium meal of 8 ounces (227 Gm ) 

12 11 Gastric peristalsis did not occur, but a definite midgastric constriction 
was noticed Pain was still present 

12 13 The constriction disappeared, as did the pam also Peristalsis began, 
and the cap filled 

12 14 The peristaltic movement was strong The cap w'as filling 

12 20 Well marked peristalsis was present The cap filled at the approach of 
each w'a%e The patient did not feel any pain 

COMMENT 

The important fact which emerged from this investigation was that 
m patients with duodenal ulcer suffering from pam at the time of 
observation, filling of the duodenal cap -with gastric contents by manual 
pressure on the abdomen was followed by relief from the pam in thirteen 
of sixteen cases 

In eleven of these sixteen cases the gastric contents were strongly 
acid, the free acidity vai^nng from 42 to 98, and the total acidity from 
68 to 108 In all but one of the eleven cases just described the intro- 
duction of the strongly acid contents of the stomach into the duodenal 
cap was followed by relief from the pam There would, therefore, 
appear to be no direct relationship between the acidity of the gastric 
contents and the occurrence of pain m patients wnth duodenal ulcer 
However, the almost universal experience of relief from the pam of 
duodenal ulcer by the admmistiation of alkalis suggests that acid m 
some manner may be a factor m the production of pam 

The actiMties of the musculature of the stomach and duodenum m 
their relationship to pain may be considered from the follownng stand- 
points (1) peristalsis (2) abnormal local contractions (for example, 
spasmodic hour-glass) (3) general tonic contractions, such as the 
giadual contraction of the stomach as the contents pass out. (4) resis- 
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taiice to distention (“hold-on”) , (5) lelaxation (active oi passive) 
The last three may be regarded as manifestations of “tone” or “postmal 
activity” (Sherrington) 

The overaction of peristalsis, local or general contractions, or resis- 
tance to distention might produce pain, whereas depression of these 
activities might relieve pain Relaxation might abolish pain 

In this investigation, except in case 17, in which localized midgastnc 
contraction was present, theie was no relationship between peristalsis, 
abnoimal local contraction, general tonic contraction or resistance to 
distention and pain m regard to the stomach The fact that the pain 
was not m waves but was constant is further proof that peristalsis was 
not the cause It is therefore unlikely that the pain m duodenal ulcer is 
due to overaction of the musculature of the stomach 

In 1 egard to the pjdoric sphincter, peristaltic activity can hardly have 
been the factoi causing pain, because the pain was constant and did not 
occur in waves Neither spasmodic contraction, tonic contraction, nor 
resistance to distension can be implicated, because m several of the 
patients the gastiic contents could be moved through the sphincter with 
ease while pain was being felt This indicates that the sphincter was 
lelaxed and that in all probability the pain was not due to the over- 
action of its musculature Support is lent to this view by the obser- 
vation in case 14 that the pain was not relieved when the gastric 
contents passed through the pyloiic sphincter but did not distend the 
caput 

It was found extremely difficult to make observations on peristalsis 
in the duodenum as m every instance the contents passed through 
quickly However, the pain was constant and did not occur m waves, 
so it is piesumed that the pain was not due to duodenal peristalsis 
That abnormal local contraction of the caput is not the sole cause 
of the pain is evidenced by the constant presence of deformity of the 
caput 111 many persons with duodenal ulcer when pain is absent This 
deformity is due in part to the contraction of scar tissue, but also in part 
to musculai conti action This is obvious from a comparison of the 

appearance of an ulcerated duodenum m roentgenograms made after a 
barium meal, with the relaxed condition of the duodenum as seen on the 
operating table It is possible that such an abnormal local contraction 
may by sudden or excessive action give rise to pain, because of the fact 
that it IS involved in a general contraction of the caput 

The evidence m favor of the existence of a general contraction of 
the caput in these cases is as follows 

The caput was usually empty, and even when it contained barium it 
was of small caliber, and the barium rushed through in a narrow stream 
The relief of pain, following the filling of the caput by manual pressure 
on the abdomen, suggests that relaxation was the cause of the relief 
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lli*s IS conoboialed by the observations in case 14, in which the gastric 
contents passed through the caput, but did not fill it, and the pain 
1 einained 

Theiefoie, the hypothesis aiises that the relief of pain is due to 
lelaxation of the musculatuie of the caput, and conversely, that the 
pain is due to overaction of the duodenal caput with oi without abnormal 
local contraction or implication of the pyloric sphincter 

Theie lemains the explanation of the absence of relief in the last 
three cases in the table Case 14 is explicable on the ground that the 
caput was not filled by the manipulation In cases 15 and 16 the pain 
was postural, and in all probability was due to ti action on inflamed 
peritoneal attachments 

CONCLUSIONS 

1 The piesence or absence of gastric peristalsis does not beai any 
relation to the occunence of pain in duodenal ulcer 

2 Pain 111 duodenal ulcer is nearly always lelieved by squeezing 
gasliic contents into the duodenal caput 

3 Pam in duodenal ulcei is not diiectly due to the acidity of the 
gastiic contents 

4 The relief from pam in duodenal ulcer is due to relaxation of the 
musculature of the duodenal caput Pam m duodenal ulcer is due to 
sustained conti action of the duodenal caput 



RENAL FUNCTION TESTS WITH SODIUM THIO- 
SULPHATE AND SODIUM IODIDE 

AN EXPERIMENTAL COMPARISON WITH THE PHENOL- 
SULPHONPHTHALEIN TEST 

ADOLPH BOLLIGER, PhD 

DETROIT 

As leported elsewheie/ chronic interstitial nephritis is readily pro- 
duced in dogs by direct roentgen-ray irradiation of the kidneys The 
functional aspect of this experimental disease, as far as the usual tests 
are concerned, has also been recorded,- and reference has been made to 
a combined lenal function test consisting of the injection of sodium 
thiosulphate, sodium iodide and phenolsulphonphthalem The present 
im estigation deals with the excretion of these three substances through- 
out a course of experimental disease of the kidneys Subsequently, this 
combined test was also applied to a large group of normal animals 
Obsenations on normal animals led to an investigation concerning the 
behavior of normal pregnant animals towaid the combined test The 
latter are also reported in this paper 

NyiiU called attention to the usefulness of sodium thiosulphate as 
an agent foi tests of renal function He also proposed a combination of 
the sodium thiosulphate tests with the two hour sodium iodide test by 
injecting the two substances togethei ^ In the work reported here, 
Nyiri’s combination, pieiioiisly used only in clinical diagnosis, was 
adopted and a third test was added to this combination, the phenolsul- 
phonphthalem test, as described by Rowntree and Geraghty ® 

METHODS 

A solution was made up containing 1 Gm of sodium iodide, U S P , 
1 Gm of sodium thiosulphate, U S P , and 6 mg of phenolsulphon- 
phthalem in 10 cc of water The animal was cathetenzed, and 10 cc 

From the laboratories of the Henry Ford Hospital 
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5 Rowntree, E G, and Geraghty, J T The Functional Activity of the 
Kidne>, J Pharm &. Exper Therap 50 580, 1910 



BOLLIGCR-RCXAL FURCTION TESTS 


643 


of the solution was iii3ccted intira\ enousl} Two hours after injection 
the animal was cathetenzed again, and the bladder uas iirigated in 
01 del to obtain the complete output The two hour sample of uiine, 
including the wash water, was then made up to a known Aoluine and 
examined foi its sodium thiosulphate content, its iodine content and its 
phenolsulphonphthalein content 

Nyiri ^ described a technic foi the deteimination of sodium thio- 
sulphate and sodium iodide His technic was modified in these expeii- 
ments somewhat m order to shoiten his rathei lengthy procedure for 
the determination of the iodine output and in ordei to improve the 
determination of sodium thiosulphate To lemove iodine absorbing 
substances, Nyiii purified the urine with pure chaicoal for fiom two 
to three minutes Unfoitunately, charcoal rapidly absorbs sodium 
thiosulphate To remove this source of error, Lloyd’s reagent was 
substituted This does not absoib any appreciable amount of sodium 
thiosulphate even if it is left for many hours Sodium thiosulphate was 
then determined by titiation with hundredth-normal iodine solution 

The same mine fraction which has been purified with Lloyd’s reagent 
can also be used for the determination of iodine This saves the removal 
of iodine absoibmg substances with 2 per cent feriicchloiide as proposed 
by Singei ° and adopted by Nyiri, and iodine is determined directly, 
according to the method of Singer, by libeiation with nitious acid and 
exti action of carbon bisulphide In the work repoited here, for con- 
venience, carbon bisulphide was replaced by carbon tetrachloiide and 
the iodine output determined colonmetiically with a set of standards m 
a comparator A titration method that consumed considerable time 
was proposed by Nyiri for determining the libeiated iodine in carbon 
bisulphide 

The tests were carried out in the following manner 

Two hours after the initial injection into a dog, 80 cc of urine, for example, 
was obtained by catlietenzation The bladder was irrigated, the wash water was 
included and the entire volume was made up to 200 cc The specimen was at the 
same time acidified with dilute sulphuric acid The phenolsulphonphthalein serves 
as an indicator for the requisite aciditj'’, turning yellow as soon as the specimen is 
acid Tuentj cubic centimeters (one tenth) of the entire volume of urine 
was made up to 100 cc . and alkalimzed, and the phenolsulphonphthalein was read 
against a set of standards The remainder of the urine uas shaken with about 
5 Gm of Llojd’s reagent and filtered Twenty cubic centimeters of the filtrate 
was used for determination of the sodium thiosulphate output This fraction was 
titrated wuth hundredth-normal iodine solution, starch being used as an indicator 
The end-point is sharply indicated bj a changing of the yellow solution to a bluish 
green, wdiich has to remain thus for at least two seconds The other 20 cc of 
the filtrate was used for the determination of the iodine This fraction is trans- 


6 Singer, H Methodisches zur quantitativen Bestimmung des Jodkali, 
Ztschr f kill! kled 48 157, 1903 
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ferred to an extraction funnel About 7 cc of carbon tetrachloride was added 
with a few drops of a solution of sodium nitrite in concentrated sulphuric acid 
The liberated iodine was extracted with the carbon tetrachloride, care being taken 
not to shake too hard in order to avoid emulsion The urine was again extracted 
vith a smaller portion of carbon tetrachloride until iodine was no longer demon- 
strable The lavender colored carbon tetrachloride solution was made up to a 
known amount and compared with standards made up by dissolving known 
amounts of iodine with carbon tetrachloride 

It is well known that hundredth-normal iodine solution is not stable 
over a long peiiod This solution may be standardized quickly against 
the thiosulphate-iodide-phenolsulphonphthalein solution used for this 
functional test The number of cubic centimeters of hundredth-normal 
iodine solution required by 20 cc of 0 5 per cent solution of the original 
combined substances ( 10 cc test solution diluted to 200 cc ) will give that 
figure to be used in calculating the percentage of thiosulphate present 
in 20 cc of urine, the volume of which has previously been made up 
to 200 cc 

As has been pointed out previously, Lloyd’s reagent does not absorb 
any sodium iodide or sodium thiosulphate Further, this reagent does 
not absorb any of the phenolsulphonphthalem dye The phenolsulphon- 
phthalein content could also be determined to advantage on a urinary 
filtrate treated previously with Lloyd’s reagent, because Lloyd’s reagent 
removes to a large extent other coloring matters and colloidal suspensions 
which do interfere with the estimation of the phenolsulphonphthalem 
output 

The combined injection of sodium thiosulphate, sodium iodide and 
phenolsulphonphthalem will be spoken of as the combined test m the 
following experiments It was applied to {A) normal dogs and dogs 
with extrarenal lesions , (5) normal dogs during gestation, and (C) dogs 
with experimental nephritis produced by deep roentgen rays 

EXPERIMENTS 

A Noimal Dogs and Dogs with ExUaienal Lesions — Table 1 
includes a series of fifteen normal female animals to which the com- 
bined test has been applied The thiosulphate output m two hours varies 
from 50 to 66 per cent after the injection of 1 Gm of sodium thio- 
sulphate, U S P I consider this as the normal range of thiosulphate 
output for dogs This table further includes a depancreatized dog, a 
dog with distemper and a morphmized animal The thiosulphate output 
of the animals with extrarenal lesions lies also between the normal 
range, i e , from 50 to 66 per cent The iodine output after the admin- 
istration of 1 Gm of sodium iodide varies from 0 to 95 mg m two hours 
The majority of the observations showed an output of between 40 and 
80 mg m two hours 
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Table 2 lepresents a dog which had, during the peiiod o£ obser\ation, 
extensne loentgen-iay treatment OAcr the chest The animal de\ eloped 
a lesion of the heart as proAed by electrocardiograms and at antops) 
Ihe electrocardiogiams shoA\ed tach}cardia and auricular flutter, and at 
autopsy hemoirhages and hyaline degeneration weie found throughout 
the light auiicle Befoie and during the experiment, scAeral combined 
tests Avere perfoimed oa'Ci a period of three months The phenolsul- 


Tabli, 1 — Rcsulis of Tests in Not mat Dogs and Dogs with Extiatcnal Laioni 



Phcnolsul 

Iodine 

Sodium 



No 

phonphthalein 

Excretion 

Thiosulplnte 

Urea 



(Per Cent) 

(Mg) 

(Per Cent) 



1 

70 

40 

56 4 

15 4 


1 

78 

203 

55 6 

11 4 

Tv .0 dajs after irra 






diation o\ er left 






kidncj 

2 

65 

45 

53 5 



2 

70 

78 7 

51 0 



3 

60 

SO 

58 5 


Depancrcatized blood 






sugar, 430 Gm 

4 

70 

70 

64 



4 

70 

50 

63 0 



5 

70 

SO 

58 



6 

70 

45 

59 5 



7 

65 

56 

61 7 



8 

65 

0 

62 



S 

65 

80 

50 


Distemper, died three 






days later 

9 

65 

61 

47 3 



10 

70 

61 

63 4 



10 

70 

95 

65 9 


After morphine, 1 






gram (0 065 Gm ) 

11 

70 

0 

53 5 



12 

70 

5 

55 3 



13 

60 

45 

51 2 



14 

70 

55 

55 



15 

65 

60 

56 



16 

75 

25 

54 



17 

70 

SO 

62 




Table 2 

— Results of 

Tests iH Dog with Caidiac Lesion 


Phenolsul 

Sodium 

Iodine 


Date 

phonphthalein 

Thiosulphate 

Excretion 

Urea 


(Per Cent) 

(Per Cent) 

(Mg) 


5/20/26 

70 

63 

61 

15 4 

5/27 

70 

66 

95 


7/7 

70 

71 

28 

14 5 

7/13 

70 

67 

600 

18 2 

8/24 

65 

72 

544 

14 1 


phonphthalein output did not change The sodium thiosulphate output 
became increased in the last month of the experiment The excretion 
of iodine Avas found to be as high as 600 mg during the period A\dien 
the animal shoAA^ed marked tachycaidia 

Table 3 represents an animal with a peisistent albuminuria Avhich A\'-as 
folloAved OA^er a period of three months The animal appeared to be 
healthy in CAcr}^ respect, and an explanation for the albuminuria could 
not be found The phenolsulphonphthalem output remained between 
noimal limits throughout the A\hoIe experiment The sodium thiosul- 
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phate output did not re\eal any functional disturbances, and the iodine 
excretion varied from 11 to 230 mg in two hours 

B Noiinal Dogs Duung Gestation — The following observations 
were made on three animals which were piegnant when obtained for 
the laboratory They were under observation foi a number of months 
and bore an apparently full term litter Two of the animals were con- 
sidered entirely normal, but the third animal had had one kidney removed 
before observations were started 

Chart 1 illustrates a large normal dog which showed, fifty-one days 
before delivery, a phenolsulphonphthalem output of 70 per cent, a thio- 
sulphate excretion of 60 per cent and an iodine excretion of 57 mg 
Up to delivery six moie combined tests were done at varying intervals 
The phenolsulphonphthalem test did not show any consistent fluctuations 
but remained within noimal limits throughout the experiment Forty- 
thiee days before delivery the sodium thiosulphate output was markedl}' 


Table 3 — Results of Test tn Dog zviih Peiststent Alhmmnuua 



Phenolsul 

Sodium 

Iodine 


Date 

phonphthalein 

Thiosulphate 

Excretion 

Urea 


(Per Cent) 

(Per Cent) 

(Mg) 


3/22/26 

65 

52 

90 

IS 4 

3/27 

70 

55 

55 

12 1 

3/31 

70 

57 

109 


S/5 

70 

52 

128 

12 0 

5/7 

70 

50 

11 

12 1 

5/10 

70 

56 

36 

11 0 

5/22 

75 

60 

90 

177 

6/8 

72 

63 

44 


6/18 

70 

52 

230 

17 9 

6/30 

65 

60 

27 

12 6 


diminished, i e , 46 per cent, and the iodine output was somewhat 
diminished also Thirty-five days before delivery the sodium thiosul- 
phate output was only 40 pei cent, and there was no iodine output 
during the two hours of the test Twenty-one days before delivery tbe 
sodium thiosulphate output was at its lowest level, i e , 33 per cent, and 
the iodine output was still 0 Eight days befoie dehveiy the thiosulphate 
output started to increase again (37 per cent) The test for iodine 
became positive, i e , 28 mg was present Eighteen houis befoie delivery 
the thiosulphate output was neaily normal, i e , 47 pei cent, and the 
iodine excretion was 156 mg The animal was dehveied of nine living 
pups and had a normal postpartum course One month after delivery, 
the sodium thiosulphate output was found within normal range and the 
iodine output was 92 mg Two weeks later, the output of thiosulphate 
and of phenolsulphonphthalem was still found to be within noimal range 
Chart 2 represents a similar animal About one month before deliv- 
ery, a marked depression in the sodium thiosulphate output was found, 
with a recovery to normal aftei delivery The iodine output was some- 
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Chart 1 — ^Results of test m a large normal pregnant dog In this chart and m 
charts 2, 3 and 4, PSP indicates phenolsulphonpthalem 
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what irregulai, reaching the low level of 12 mg about two weeks befoie 
delivery, about one week befoie delivery, the iodine output was 54 mg , 
and dropped to 20 mg about twelve days after delivery In this case, 
also, a slight depression in the phenolsulphonphthalem output could be 
made out (53 per cent at its lowest point), coincident with depression 
in the thiosulphate output 

Chart 3 represents the dog in which the left kidney was removed a 
short time before impregnation The thiosulphate output was found to be 
depiessed when the observations weie started, about one and one-half 
months aftei operation and forty-six days before delivery Thirty-three 
days before delivery the sodium thiosulphate output was only 30 pel 
cent, and this dropped down to 23 per cent in the next few days A week 
later, there was a slow, steady improvement in the puerpeiium, and the 
output of thiosulphate had increased to 48 per cent nineteen days 
aftei delivery A depression in the iodine, output was found about 
five weeks before delivery The phenolsulphonphthalem output was also 
somewhat depressed, as m the pievious experiment 

C Dogs with Expenmental Nephuiis Pioduced by Deep Roentgen 
Ray — ^The pathologic changes in nephritis as produced by deep roentgen 
rays have already been desciibed The condition has been subdivided, 
for the purpose of study, into the acute, subacute and chronic stage 
The combined test was applied to all these stages, as can be seen in 
chart 4 This chait demonstrates a moderately lapid progressive 
nephritis which was produced by irradiation of both kidneys through 
the abdominal wall The course of the disease is well depicted by the 
phenolsulphonphthalem output Nearly one month after irradiation 
the phenolsulphonphthtalem output remained within noimal levels, and 
fiom previous experience this might be considered the acute and the 
subacute stages of the disease During the next fourteen days a marked 
depiession of the phenolsulphonphthalem output was noticed, reaching 
35 per cent about one and one-half months aftei ii radiation For the 
next two months the fluctuations were moderate, and this might be con- 
sidered as the chionic stage During the last month of the animal’s life, 
a further marked depiession was noticed, which could be considered as 
the late chionic stage The thiosulphate output was piactically parallel 
with the output of phenolsulphonphthalem thioughout the disease 
A subnormal thiosulphate output was found m the subacute stage, while 
the phenolsulphonphthalem output was still normal The parallelism 
between the thiosulphate output and the phenolsulphonphthalem output 
was found throughout until the late chronic stage, when the phenol- 
sulphonphthalem output became more depressed than the thiosulphate 
output The iodine output showed large fluctuations and there was an 
agreement only between the phenolsulphonphthalem and the iodine 
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output in the terminal stage, both being low The iodine excretion as 
found to be high soon after irradiation 

Chart 5 represents an animal with a rapidly progressing nephritis 
terminating in uremia The left kidne\' was irradiated directl}' tlirough 
a surgical incision A month later the right kidne}' was removed and a 



Chart 5 — Results of test m an animal w ith a rapidh progressmg nephritis 
terminating in uremia 

sudden fall in the phenolsulphonphthalein and thiosulphate outputs was 
noticed together wnth a rapid, increase in the urea nitrogen content of 
the blood As confirmed m a number of similar experiments, the direct!} 
irradiated kidney becomes fibrosed rapidh and a lethal insufficiency is 
produced as soon as the nomrradiated kidne} is remo\ed In spite of 
the short irradiation, this animal died a month after remo\al of the non- 
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inadiated kidney The same parallelism between thiosulphate and 
phenolsulphonphthalem excietion was found in rapidly progressing 
nephritis In the late stage, ten days before death, the thiosulphate 
output became iiioie depressed than the phenolsulphonphthalem output 
Two days befoie death, the phenolsulphonphthalem output was 2 per 
cent and the thiosulphate output was 6 per cent In this type of experi- 
ment, the iodine output also is loughly parallel with the phenolsulphon- 
phthalein and thiosulphate outputs The iodine output increased aftei 
irradiation and after lemoval of the nonirradiated kidney The iodine 
output dropped to 40 mg twenty-fom days before death and to 25 mg 
ten days before death and only a tiace was present two days before 
death 


Table 4 — Results of Test m Dog zmth Slowly P) ogi esstng Intci stitial Neplnitts 



Phenolsul- 

Sodium 

Iodine 



Date 

phonphthalein 

Thiosulphate 

Excretion 

Urea 



(Per Cent) 

(Per Cent) 

(Mg) 



1/29/26 

65 



14 


1/29 

Irradiation 

over both kidnejs 




3/23 

45 

39 

12 

13 S] 


3/27 

SO 

39 

10 


Distemper 

3/31 

45 

38 

24 

12 6 1 

^ and 

4/3 

55 

40 

24 

18 7 1 

mangy 

4/28 

50 

43 

43 



S/S 

SO 

40 

5 

14 


S/13 

52 

43 

20 



5/21 

70 

43 

28 

19 6 


6/2 

SO 

36 

70 

28 5 


6/7 

45 

26 

33 

31 8 


6/24 

45 

25 

80 

35 

Carbon dioxide ■ — S3 

7/14 

55 

34 

64 

35 


8/9 

55 

34 

30 

42 


8/22 

40 

28 


41 


9/30 

55 

34 


45 

Carbon dioxide ■ — 51 


Table 4 repiesents a dog with a slowly piogressing interstitial 
nephiitis Roentgen-ray irradiation was given once over both kidneys 
through the abdominal wall About two months after irradiation the 
experimental disease became complicated by distemper and mange, but 
the animal lecovered from these complicating factors, and the disease 
took the slow path of chronic interstitial nephritis as frequently seen m 
human beings 

The phenolsulphonphthalem output was found to be depressed as 
soon as observations were started, about a month after iriadiation With 
a few exceptions, the output of dye averaged about 50 per cent during 
the next six months of observation The sodium thiosulphate output 
was markedly depressed during the period of distemper but increased 
somewhat and averaged about 30 per cent m the last three months of the 
experiment The excretion of iodine was inconsistent as was seen m 
othei experiments of this type, but the amounts of urea nitiogen began 
to inciease slowly during the last four months of observation 
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COMMENT 

Nyiri described the two hour sodium iodide test as a simple, practical 
test of renal function This statement is based on fifty-four observations 
of normal patients without’ renal disease and on twenty-six patients with 
renal insufficiency The observations on dogs in these experiments do not 
substantiate those of Nyiri Animals without renal involvement showed 
great ^ar]atlons in the iodine output, and animals with proved disease 
of the kidneys frequently did not show any relation between the state of 
the disease and the quantitative iodine output two hours after intra- 
venous administration There was an agreement only between the iodine 
excretion and an existing renal insufficiency in the late stages, but it was 
found that the test did not have any diagnostic value in experimental 
chronic nephritis of dogs 

The hypothesis of Nyiri and earlier workers that the kidneys are the 
main factor in the urinary excretion of sodium iodide was shown to be 
correct only in the late stages The excretion of iodides was frequently 
not taken up for two or more hours after the intra\ enous administration 
in apparentl} normal animals After the excretion had started, whether 
it was dela} ed or occurred immediately after administration, frequently a 
relation between the rate of excretion and the concentration of sodium 
iodide in the blood and tissues could not be demonstrated Finally, the 
entire time required to eliminate completely the injected sodium iodide 
did not give any information regarding activities of the kidney Some 
other activities of the body, as shown, for example, in pregnancy, seem 
to have a far greater influence on the excretion of sodimn iodide during 
the first two hours and also m later periods after the injection of sodium 
iodide It IS thought that this simple and accurate procedure may find 
Its application in another field 

Like sodium iodide, sodium thiosulphate is found in the normal 
animal in small amounts, however, it does not follow the excretorj' 
properties of sodium iodide but shows a striking similarity in its excre- 
tion curve to phenolsulphonphthalem in all experiments with experi- 
mental chronic nephritis Whether the depression of sodium thiosulphate 
as seen during pregnancy is also accompanied by a similar depression of 
the phenolsulphonphthalem output is not clear from these experiments, 
but this discrepancy may be explained by the fact that small functional 
changes in the kidneys are usually more accurately registered by the 
thiosulphate test than by the phenolsulphonphthalem test This is mainly 
due to the following two facts first, the thiosulphate output is deter- 
mined by a more accurate procedure than the phenolsulphonphthalem 
output, 1 e , titration of standardized iodine solution , second, thiosulphate 
injected intravenously m unchanged form is practically completely 
excreted in two hours by the normal kidney and by the ladney m which 
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excretion is insufficient Thiosulphate that is injected but not excreted 
IS oxidized to sulphate and is excreted as such 

Of course, it may just as well be assumed that the depression of the 
thiosulphate excretion during pregnancy, as described m three animals 
and as observed in the meantime on two other dogs, is not at all or only 
partly connected with the activity of the kidney The depressed excre- 
tion may be considered as the expression of the altered metabolism of 
pregnancy and may have a useful application in the diagnosis of 
pregnancy 

On the other hand, it should also be pointed out that the sodium 
thiosulphate furnishes results averaging from 2 to 3 per cent above 
the theoretical value This is due to the fact that the iodine combining 
substances of the urine aie not entirely removed either by treatment 
with Lloyd’s reagent or charcoal There is a variation in the remaining 
amount of iodine combining substances in the different mines, in geneial, 
following the specific gravity of the urine At attempt was made to 
overcome this difficulty by diluting all urines up to a standard amount 
and titrating at about the same pn The small possibility of error seems 
to be well corrected by these procedures, as can be seen by the con- 
sistency of lesults in the protocols On the other hand, the fact that the 
results obtained are somewhat too high may explain the higher output 
of sodium thiosulphate as compared to phenolsulphonphthalein in renal 
insufficiency that has progressed far A thiosulphate output of 0 is 
rarely encountered 

Nyiri proposed a correction for this inaccuracy by determining the 
iodine combining power of urine (treated accordingly) previous to the 
expeiiment I consider this correction only a complication of an experi- 
mental procedure, since the urine obtained after administration of thio- 
sulphate and water (diuresis) will have other properties than urine 
obtained previous to the test 

Only about two thirds of the dosage as originally proposed by Nyiri 
was injected He used 1 Gm of anhydrous sodium thiosulphate, and I 
injected 1 Gm of sodium thiosulphate U S P containing 6 molecules 
of water of ciystallization or only 068 Gm of anhydrous sodium thio- 
sulphate This dosage could be reduced further without impairing the 
accuracy of the results, but it might be pointed out that m these expei i- 
ments haimful effects, even in animals in which the lenal insufficiency 
had progressed far, weie never observed The diuresis produced imme- 
diately after the administration of sodium thiosulphate is of decided value 
in experimental work, since water does not have to be administered by 
stomach tube in order that a sufficiently large quantity of urine may be 
obtained Diuresis itself does not vitiate the results of the test, since the 
observations in animals with spontaneous diuresis in the eailier stages of 
chronic interstitial nephiitis show consistent results 
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After the phenolsulphonphthalem test was added to the combined 
renal function test of sodium iodide and sodium thiosulphate, the sodium 
iodide test was found to be of minor value in tests of renal function 
Now, I am using a combination of the sodium thiosulphate test and the 
phenolsulphonphthalem test This combination was found satisfactory 
in experimental work on animals 

I think that this combination will also be of help m clinical work in 
spite of the fact that the two hour sodium thiosulphate excretion is 
remarkably smaller in normal human beings than in normal dogs (from 
30 to 40 per cent) Nyiri and Eskelund reported gratifying results in 
clinical cases 

SUMMARY 

1 A combination of three renal function tests, consisting of the 
sodium thiosulphate test, the sodium iodide test and the phenolsul- 
phonphthalem test, was studied experimentally It was applied to 
normal, pregnant and nephritic dogs and to dogs with extrarenal lesions 

2 The sodium thiosulphate test is found to be a specific quantitative 
test for experimental renal insufficiency, it gives essentially the same 
information as the phenolsulphonphthalem test It is also somewhat 
more accurate and may better detect slight lesions in the kidneys 

3 Pregnant dogs show a depression in sodium thiosulphate output 

4 The two hour sodium iodide test is of little value in tests of renal 
function 


7 Eskelund, V Kidnej" Function Test with Sodiumthiosulphate, Hospital- 
stid 68 217, 1925 



EFFECT ON BASAL METABOLISM OF LIGATING 
LOWER EXTREMITIES^ 
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HANNAH MULIER, MD 

NEW YORK 

There is a law of smface energy which says that the production of 
heat in different animals is essentially constant per unit of body surface 
The idea that there is an intimate relationship between body surface and 
production of heat was fiist observed by Fiench writers’- as early as 
1839 The body surface law was definitely formulated in 1847 by 
Bergmann ^ In 1883, Rubner ^ and Richet ^ published almost simul- 
taneously the first modern experimental data on the subject, and, because 
Rubner’s work was considered the more important, the body surface law 
has since been known as Rubner’s law 

In the beginning, most ph}'Siologists held the conception of a causal 
relationship between heat production and body surface From time 
to time, however, even the most ardent advocates of the body surface law 
have admitted discrepancies, and its universal applicability has been chal- 
lenged Factors such as age, prematurity, prepubescence, sex, athletic 
training, level of nutrition and pathologic states cause differences in 
production of heat which cannot be explained on the basis of differences 
m body surface The conception, therefore, of a causal relationship 
between basal metabolism and body surface has come to be abandoned 
by most physiologists, and instead, the surface area has come to be con- 
sidered merely the most exact available biometric measurement of basal 
metabolism 

Researches point to a simple mathematical relationship between pro- 
duction of heat and many bodily functions, a relationship which may be 
expressed by the simple formula P or the square of the cube root of 
the body weight, which foimula seems to represent a definite general 
morphologic law of gi owth In 1888, von Hoesslm ^ recognized that the 

*From the Pediatric Service of Mount Sinai Hospital, chief of staff, Dr Bela 
Schick 

1 Sarrus and Rameaux Bull Acad roy de med Pans 3 1094, 1839 
Regnault and Reiset Ann de chemie et de physique, ser 3, 26 299, 1849 

2 Bergmann, Carl Ueber die Verhaltnisse der Warmeokonomie der Thiere 
zu ihrer Grosse, Gottingen, Vendenhoeck und Ruprecht, 1848 

3 Rubner Ueber den Einfluss der Korpergrosse auf Stoff und Kraftwechsel, 
Ztschr f Biol 19 545, 1883 

4 Richet Recherches de caloriinetne, Arch de Physiol , ser 3, 15 237, 1885 

5 Von Hoesslm Ueber die Ursache der scheinbaren Abhangigkeit des 
Umsatzes von der Grosse der Korperoberflache, Arch f Anat u Physiol , Physiol 
Abteil, 1888 
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body surface law was but a single application of this general law of 
growth Other workers soon questioned the Rubner law Voit ® 
believed that the production of heat is proportional to the mass of living 
cells and their power to decompose materials, and should not be identified 
with body surface Dreyer " called attention to the correlation between 
the cross-section of the trachea and the aorta and the surface area of 
the body Moulton ® observed that the surface area in cattle is propor- 
tional to the total body nitrogen, and therefore to the protoplasmic mass 
Peabody and Wentworth® found a close agreement between surface 
area and vital capacity Pfaundler noted that the Rubner law failed 
to apply to atrophic individuals whose skin hung in folds Pirquet^^ 
looked for a surface other than the outer surface of the body mentioned 
by Rubner m order to find a simpler measure of the nutritional needs 
of the body 

Thus it IS seen that there are many components of the body nearly 
proportional to the surface area It is possible that all body cells show 
this similar proportionality because they are similarly affected by the 
metabolism and need of the body for ox}^gen 

Benedict,^® who is probably the strongest opponent of the Rubner 
law, says that basal metabolism is a function of the total mass of active 
protoplasmic tissue He believes that “if heat production is proportional 
to the square of the cube root of the body weight, it is not due to the 
fact that the surface area determines thermolysis, but that the mass of 
active protoplasmic tissue with probably the same mathematical relation- 
ship to the body weight determines thermogenesis ” 

Helmreich is in accord with Carl Voit and Benedict in believing 
that metabolism is determined, not by body surface, but by the active 
protoplasmic mass In order to prove this theory, he believes cases 

6 Voit, Carl Munchen med Wchnschr 49 233, 1902 

7 Dre>er, Ra 3 % and Walker Proc Roj" Soc Med 86 39, 1912-1913 

8 Moulton J Biol Chem 24 299, 1916 

9 Peabod}, Francis, and Wenti\orth, John A Clinical Studies of the 
Respiration, Arch Int Med 20 443 (Sept ) 1917 

10 Pfaundler Korpermasstudien V Ztschr f Kinderh 14, 1916 

11 Pirquet Sitzhohe und Korpergewicht, Ztschr f Kinderh 14 211, 1916, 
System der Ernahrung, Berlin, 1917 Schick, B Das Pirquetsche System der 
Ernahrung und seine Gegner, Ztschr f Kinderh 28 62, 1921 

12 Harris, J A , and Benedict, F G Biometric Study of Basal Metabolism 
in ]\Ian, publ 279, Carnegie Inst , Washington, 1919 Benedict, F G J Biol 
Chem 20 263, 1915 Benedict and Talbot Metabolism and Growth from Birth 
to Pubertj, publ 302, Carnegie Inst, Washington, 1921, publ 201, 1914, publ 233, 
1915 

13 Helmreich, E Die Unabhangigkeit des basalen Kraftwechsels von der 
Korperoberflache, Ztschr f d Ges exper Med 53 578, 1926, Der Kraft- 
wechsel des Kindes, Vienna, Julius Springer, 1927 
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should be studied in which a disunion between mass and suiface has 
been affected In 1916, Pfaundler^® first suggested the possibility of 
effecting such a disjunction, but his woik involved opeiative proceduie 
on small animals with long eais and long tails In 1917, Aub and 
DuBois^^ studied the metabolism of two legless men to determine 
whethei the Rubner law applied But they did not have figuies before 
amputation for compaiison with those obtained aftei amputation 
Furtheimore, amputation creates a pathologic condition 

Helmieich conceived a method of excluding laige parts of the body 
mass from the general circulation without pioducing a pathologic state, 
which would at the same time allow a comparison of metabolism before 
and aftei such exclusion His method was as follows 

He ligated an extremity so tightly as to occlude the venous and arterial circula- 
tion In this way, the extremity was withdrawn for the time as an active proto- 
plasmic mass, just as though it had been amputated The outer surface, however, 
was not affected, and the nerve connection between the ligated area and the rest 
of the surface remained unbroken, as was demonstrated in the experiment If 
metabolism bears a causal relationship to body surface, it must remain unchanged 
during the ligation period If metabolism is a function of active protoplasmic 
tissue. It must decrease when part of the protoplasmic mass is inactivated through 
ligation Helmreich found in all cases a decrease m metabolism which was 
roughly proportional to the weight of the part ligated, as measured by its volume 
of water displacement, and not proportional to the surface 

In order to prove that the surface remained intact, Helmreich applied thermal 
stimuli in the form of ice or ice water to the ligated extremity as well as to the 
extremity without ligation, and found an increase in metabolism in both cases m 
response to the external cold 

Helmreich concluded that basal metabolism is a function of the active 
protoplasmic mass, and not of the body suiface The suiface, in its 
capacity of receptor organ foi tactile, pam and theimal stimuli, influences 
the height of metabolism, but should not be identified with metabolism 

We duplicated Helmreich’s experiments One of us (A T ) 
attempted the work with several children, but found that the pain and 
excitement caused by ligation proved so disturbing emotionally that the 
children could not remain quiet, and therefoie the figmes obtained were 
not truly basal We then decided to try the expeiiment on each othei 

METHOD 

We followed Helmreich’s method closely, except that whereas he took two 
minute readings, we took four or five minute readings The Krogh calorimeter 
was used After a fourteen hour fast, and under the usual resting conditions, a 

14 Aub, J C, and DuBois, E F Basal Metabolism of Dwarfs and Legless 
i en. Arch Int Med 21 840 (May) 1917 DuBois, E F Basal Metabolism in 
Health and Disease, ed 2, Philadelphia, 1927, P 119 DuBois, D, and E F A 
ormula to Estimate the Approximate Surface Area, Clinical Calorimetry, Arch 
Int Med 17 863 (June) 1916 
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determination of the basal metabolism was made A half inch rubber ligature 
was then applied to one or both extremities, high up under the symphysis, so 
tightly as to occlude the dorsalis pedis artery The ligature was left on for five 
minutes, and with the ligature still on, another metabolism test was made The 
ligature was then withdrawn, and metabolism tests were made at short intervals 
until the normal basal metabolism was again reached This procedure was 
repeated on each of us on six different days The right extremity was ligated 
three times, the left one twice, and both extremities once 

On another occasion, with the ligature applied, the extremity was packed in 
ice from toes to hip, and determinations of metabolism were made as before This 
procedure was followed without ligation another day 

Table 1 shows the effect of ligation on our basal metabolism Table 2 shows 
Helmreich’s results 

Table 1 — Effect on Basal Metabolism of Ligating the Lowei Evti entities 

(Tappet and Muher) 
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Left leg 
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10 

27 

Both legs 
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6,074 

34 8 
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20 


• Measured by volume of water displaced 

t DuBois height-weight formula (DuBois, D and BuBois, E P A Formula to Estimate 
the Approximate Surface Area if Height and Weight be Known, Arch Int Med 17 S63 
[June] 1916) 

f DuBois linear formula (DuBois, E F Metabolism in Health and Disease, ed 2, Phila 
delphia. Lea &, Febiger, 1927) 

RESULTS WITH COMMENTS 

Table 1 shows a decrease in basal metabolism of from 10 to 12 per 
cent when one extremity was ligated and a decrease of from 20 and 28 
per cent when both lower extremities were ligated This deciease in 
basal metabolism was roughly proportional to the mass ligated and not 
to the surface 

The decrease in metabolism lasted only as long as the mass remained 
ligated As soon as the ligature was removed, there was an increase in 
basal metabolism above the normal level, and only after ten minutes did 
the metabolism return to normal Helmreich explains this increase 
above normal by the oxidation of a mass of blood and lactic acid with- 
held during ligation The lactic acid had been foimed in the muscles of 
the ligated extremity as a result of local anemia 
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Charts 2 and 3 show how the body suiface, in its function as a 
receptor organ for thermal stimuli, can influence the height of metab- 
olism Cold applied to the suiface causes an mci eased production of 
heat m the body When the external cold is lemoved, the basal metab- 
olism returns to the normal level 

When cold was applied to the ligated extremity (chart 3), theie was 
an inciease in metabolism, but as soon as the ligature was removed, 
instead of a return to noimal, the metabolic late sank below the noimal 
and did not return to the noimal level until latei Helniieich explains 
this drop below the normal level by the theory that a mass of cold blood, 
withheld during ligation, lushes into the geneial ciiculation, depresses 
the temperature of the blood and thus causes a loweung of metabolism 


Tablc 2 — Effect on Basal Metabolism of Ligating the Lozuci E\ti emiiies 

(Plelmicich) 
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20 

lost 

H W 

May 17 

Left leg 

33 8 



253 

23 

9 


* Measured by volume of vater displaced 
t Herter’s infantalism vith largo abdomen and thm legs 


From our experience, we cannot lecommend that this expeiiment be 
used with children as subjects Ligating both extiemities to the point of 
occlusion of the artery, and packing an extremity m ice is an unpleasant 
and even painful experience, and we needed to exeicise self-contiol in 
order to he quietly during the experimentation period 

The experiment does, howevei, fuinish a way of bringing about an 
exclusion of blood from large parts of the body without ci eating, appar- 
ently, a pathologic state, and allows of compaiison of metabolism before, 
during and after such exclusion 

Our results are in accord with those of Helmreich This expeiiment 
was performed independently and in several ways moie accuiately than 
Helmreich’s expeiiments The periods of obseivation were longei, the 
subjects being adults instead of children, and the expeiiment was 
repeated frequently on the same person The observations in themselves 
would seem to support the view taken by Helmi eich that basal metab- 
olism IS independent of body surface, but is rathei dependent on active 
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protoplasmic mass The concordance with Helmreich’s lesults might 
be construed to give furthei support to this idea 

Claim to originality is not made in the obseivations recorded They 
are not submitted as conclusive As fai as they go, the} seem to imply 
that basal metabolism does not have any causal relationship with bod) 
surface (Rubner), but rather depends on the amount of actne proto- 
plasmic tissue, varying with the mass of actne cells, and the nervous 
stimulus to cellulai actnit) existing at the time the test is made 
(Benedict) 



Chart 1 — Effects of basal metabolism The first two curves represent the 
experiments of Topper, and the second two represent those of Muher A indicates 
that one lower extremity was ligated , B, that both lower extremities were ligated , 
C indicates the point at which the ligature was applied , D, the point at which it 
was removed The metabolism level is indicated bv 0 

Body surface furnishes a biometric measurement which indicates, 
with approximate accurac), the probable amount of activ'^e protoplasmic 
tissue in different persons Body surface is a difficult surface to measure, 
involving the use of complicated formulas To date, however, it seems 
to be the most practical single prediction standard for adults 

Talbot believes that the total metabolism for height will be the 
best single standard for children from 2 weeks to 12 years of age 

15 Talbot, F B Basal Metabolism of Children Phjsiol Rev 5 477 (Oct) 
1925 
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although he ad\ ises the use of all a\ ailable standards in order to obtain 
a complete picture 

All standards are used for comparison in our depai tment but we find 
the Pirquet “sitting-height” standard the best single standard Pirquet, 
like Rubner, found a surface proportional to the nutritional needs of the 
bod}, but instead of using the outer surface, he looked for another 
surface which would be simpler to measure and which would also 
approximate the der elopment and grouh;h of the organism In studying 
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Chart 2 — Effect on basal metabolism of the application of ice to extremitj 
not ligated The first cun'e represents the experiments of Topper, the second 
those of Muller, the third, those of Helmreich A indicates the point at \^hlch 
ice was applied B indicates the remo\al of the icc Tlie metabolism le\el is 
indicated b^ 2 ' 



Chart 3 — Effect on basal metabolism of application of ice to ligated extremiti 
The first curve represents the experiments of Topper the second, those of 
Mulier , the third, those of Helmreich A indicates the point at w'hich the ligature 
and the ice were applied, B, the point at which the\ were remo\ed The 
metabolism le\el is indicated bi 0 

the relationship existing between the heait, pulse rate and bod} u eight 
he discovered that the sitting height (height of the trunk) stands in 
close relationship to the cube root of the bod} u eight and that this rela- 
tionship remains constant throughout life The sitting height is easily 
measured with the simplest apparatus, and its application requires only 
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squaring instead of squaring and cubing, as do all other formulas for 
body surface The minimal or basal metabolism corresponds to about 
three decinemsiqua, or translated into calories, 0 2 calory times si^ equals 
basal metabolism We find that this simple foimula gives us the best 
single standard for basal metabolism, and it applies to adults as well as 
to children 

SUMMARY 

In a series of experiments performed on ourselves, we found that 
when the lower extremities aie cut off fiom the general circulation by 
ligation, the basal metabolism is decreased by an amount which roughly 
coi responds to the mass thus occluded and not to the surface area 
(table 1) When the ligature was remo\ed, the level of the basal metab- 
olism rose to normal 

If basal metabolism weie dependent on body surface, the ligation of 
large parts of the body mass should not have any effect on the level of 
metabolism so long as the surface remains intact That the surface 
remained intact in this case was proved by the fact that we leacted to 
tactile, pain and thermal stimuli applied to the ligated part (charts 
2 and 3) 

This woik was a repetition of work originally done by Helmieich, 
and our obseivations are in accord with his obseivations 

Helmreich concludes from his experiment that basal metabolism is 
independent of body surface, but lather depends on the amount of active 
piotoplasmic tissue 

It is not the purpose in this paper to discuss how fai the lesults of 
our expel iment and those of Helmreich’s piove or dispiove his con- 
clusions We realize that the problem is complex, and that further 
studies are necessary in ordei to decide the relation between basal 
metabolism and the active protoplasmic mass 



BASAL METABOLISM 


I CORRELATION OF BASAL METABOLIC RATE AND BASAL 

PULSE RATE 

JAMES H SMITH, MD 

RICHMOND, VA 

In 1920, Sturgis and Tompkins^ leviewed the liteiatuie dealing 
with the relation between basal metabolism and resting pulse rate, and 
reported the results of then own study with special lefeience to hyper- 
thyroidism They found that a geneial parallelism existed between the 
basal metabolism and the pulse rate In all but 16 per cent of 154 
patients with hypeithyroidism, there was a tachycardia of 90 or more 
to the minute associated with a basal metabolism of -f- 15 per cent or 
more On the other hand, they found that during complete lest a 
pulse rate below 90 per minute is seldom found and that below 80 per 
minute is rarely associated with an inciease in metabolism 

Minot and Means - found that the amount of elevation in the pulse 
rate for a given elevation in the metabolic rate is essentially the same 
m hyperthyroidism and in chronic leukemia, and they infer that in 
both diseases the tachycardia is chiefly the result of an increased 
metabolic late Thus, incidentally, then study tended to confiim the 
conclusions of Sturgis and Tompkins with reference to metabolism and 
pulse rates that were above normal 

In 1923 and again in 1926, the basal metabolism-basal pulse latio 
was plotted in two series of unselected cases, with lesults similai to 
those of Sturgis and Tompkins They are presented in chaits 1 
and 2 dated with their lespective yeais The fields are divided at 
90 on the pulse rate scale (hoiizontal) and at -f- 20 on the metabolic 
rate scale (vertical) The determinations of the metabolic rate aie 
liable not only to the possibilities of erroi inherent in all methods 
of indirect calorimetry, but to an additional possibility of erroi of 
1 per cent plus or minus involved in calculations by a logarithmic 
chart ® 

The two chaits heie piesented weie plotted with refeience to the 
correlation of metabolism and pulse rates m cases of hyperthyioidism, 
and the conclusions were in full accord with those alieady quoted from 

1 Sturgis, C C , and Tompkins, EH A Study of the Correlation of the 
Basal Metabolism and Pulse Rate in Patients with Hyperthyroidism, Arch Int 
Med 26 467 (Oct ) 1920 

2 Minot, G R , and Means, J H The Metabolism-Pulse Ratio m Exoph- 
thalmic Goiter and m Leukemia, Arch Int Med 33 576 (May) 1924 

3 Smith, J H , and Smith, M C Boston M & S J 186 641 (May) 1922 
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Sturgis and Tompkins The charts are shown, however, with the 
special object of emphasizing the value of the basal pulse rate as a 
control of the acceptability of metabolic determinations and as tending 
to justify the valuation put on the pulse rate m my next paper 

It IS obvious that the number of patients with a basal pulse rate of 
over 90 and a metabolic rate under -f- 20 (southeast field in charts) is 
not of great importance, as the chances of error in normal or in low 
metabolic readings are not so great as in those above normal, and it is 
more usual to find tachycardia due to causes other than hyperthyroidism 
than to find hyperthyroidism in a patient with a normal or low pulse 
rate On the other hand, a basal metabolic rate of + 20 or more with 
a basal pulse rate under 90 (northwest field) gives rise to some sus- 
picion of the accuracy of the metabolic study, and often repetition of 
the test will give a lower reading, as it did in certain of the cases 
plotted m the northwest field of each chart 



DETERMINATION OF CARDIAC HYPERTROPHY 
BY ROENTGEN-RAY METHODS* 

J A E EYSTER, MD 

MADISON, WIS 

The differentiation of the enlarged heart from the heart of normal 
size IS the most important single factor in determining the presence 
or absence of organic heart disease With the exception of mitral 
stenosis and atrophic myocarditis, all but the rarest types of organic 
heart disease lead to hypertrophy of the ventricles Except m rare 
instances, the left ventricle is most affected in the types with which 
the physician has to deal This chamber is most affected in double 
mitral disease, in aortic disease, in adherent pericardium, m arterial 
hypertension and in myocardial degeneration associated with syphilitic 
or other types of aortitis and arterial injury The greatly hypertrophied 
heart m advanced organic disease is easily recognized by the usual 
methods of physical examination, but there is need for more accurate 
differentiation of the hearts that are less abnormal and associated with an 
earlier stage in the pathologic process This is the period when there 
is a possibility of retarding the advance of the condition, or, what is 
equally important, when peisons with normal hearts who suspect or 
who have been told that they have oiganic heait disease can be given 
reassurance 

Studies in most of the lower animals (Hatai,’- Pearce, Van Allen 
and Brown,^ Josephs,® Herrmann^) and in man (Boyd,®, Thoma,® 
Muller,"^ Beneke,® Vierordt,® Kress,^® Greenwood and Brown have 

” From the Department of Physiology, University of Wisconsin 

1 Hatai, S On the Influence of Exercise on the Growth of Organs m the 
Albino Rat, Anat Record 9 647, 1915 

2 Brown, W H , Pearce, Louise, and Van Allen, C M The Relation 
Between Body and Organ Weights in the Rabbit, J Exper Med 44 635, 1926 

3 Josephs, D R The Ratio Between the Heart Weight and Body Weight 
m Various Animals, J Exper Med 10 521, 1908 

4 Herrmann, G R Experimental Heart Disease, Am Heart J 1 485, 

1926 

5 Boyd Tables of the Weights of the Human Body and Internal Organs, 
Philosophical Tr Royal Soc London 151 241, 1861 

6 Thoma Untersuchungen uber die Grosse und des Gewicht der anato- 
mische Bestandtheile, Leipzig, 1882 

7 Muller, W Die Massenverhaltnisse des menschlichen Herzens, Hamburg 
and Leipzig, 1883 

8 Beneke, F W Die anatomischen Grundlagen der Constitutions, Anomahen 
des Menschen, 1878 

9 Vierordt Daten und Tabellen, 1906 

10 Kress, E Ueber Organgewicht bei Kindern, Dissertation, Munich, 1902 

11 Greenwood and Brown A Study of the Weight, Variability and Corre- 
lation of the Human Viscera, Biometrika 9 473, 1913 
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shown that the weight of the heart is moie closely related to the size 
of the body than any other organ with the exception, perhaps of the 
brain It is impossible, of course, to weigh the heart of a living being, 
and one is restricted to an estimation of its size or volume This, 
however, is not a question merely of the muscle mass but of the 
amount of blood contained m the chambers of the organ, and this m 
turn varies with the particular phase of the cardiac cycle Direct 
determination m the experimental animal (dog) indicates that the 
volume of blood m the heart m diastole is slightly less than that of 
the muscle of the heart (Bardeen Variations m the diastolic size 
of the heart ma}'' readil}'’ result from variations m the degree of cardiac 
filling, and it is possible to suppose that determination of the diastolic 
size m a given subject would be so variable as not to give a valid index 
of the tiue muscle mass The modern conception of this phase of 
cardiodynaimcs is that the filling is primaril}’- determined by systemic 
venous pressuie, and there is reason to believe that undei conditions 
of bod} rest it is fairly constant, although considerable increase may 
occur m musculai activity The filling pressure even m cases of 
chronic heait disease is not increased unless decompensation occuis^^ 
Unless the changes m the heart rate are marked, they do not greatly 
altei the diastolic size (Meek^^ and Hodges and Eyster^®) The 
diastolic volume thus appears to be fairly constant m the same patient 
at diflferent times when he is not m a state of muscular activity, and 
this conclusion is confirmed when repeated estimates are made on the 
same subject b} roentgen-ray methods (Eystei and Evans,^® and 
Eyster, Meek and Hodges ^*) Assuming then that the mass of blood 
m the heart m diastole is a fairl} constant factoi under controlled con- 
ditions, vaiiations in the heart volume should coriespond closely to 
variations m the muscle mass In valvular incompetence the increased 
ventricular output, howe\ ei , makes probable the assumj^tion of increased 

12 Bardeen, C R Determination of the Size of the Heart by Means of 
the X-Rays Am J Anat 23 423, 1918 

13 Eyster, J A E Venous Pressure and Its Clinical Applications, Physiol 
Rev 6 281, 1926 

14 Meek, W J The Effect of Changes in Pulse Rate on Diastolic Heart 
Size, Am J Ph 3 ^siol 70 385, 1924 

15 Hodges, P C , and Eyster, J A E Estimation of Cardiac Area in Man, 
Am J Roentgenol 12 252, 1924 

16 Eyster, J A E, and E-vans J S Value of the X-Ray in Diagnosis of 
Chronic Valvular Heart Disease, Tr A Am Phys , 1923 

17 Eyster, J A E , Meek, W J , and Hodges F J Cardiac Changes 
Subsequent to Experimental Aortic Lesions Arch Int Aled 39 536 (April ) 
1927 
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diastolic filling, and a pait of the enlaigement that is found in such 
cases must be accredited to the mci eased mass of blood within the 
heart 

An estimation of the cardiac size in man can be made only indirectly 
by the projection of one or moie of the surface planes of the heart 
Two general methods have been employed for this purpose topographic 
percussion and the roentgen-ray projection It is geneially agreed that 
the latter is more objective and accuiate In ordei to avoid the distor- 
tion and enlargement of the silhouette in roentgen-ray projection, two 
methods have been employed teleroentgenography and orthodiagraphy 
In the foimer the film is placed as close to the heart as possible, and 
the souice of the dnergent roentgen lays, the taiget of the tube, is 
placed sufficiently fai away to give appi oximately paiallel rays The 
usual working distance is 2 meters oi aj^proximatel} 7 feet, and undei 
these conditions the enlargement of the silhouette as compared to the 
plane of the heart is approximately 3 per cent m linear dimensions 
In orthodiagraphy, the piinciple of orthogiaphic pi ejection first applied 
by Moritz,^® in which only the central oi incident bundle of i ays is used 
to form the projection, a silhouette of the same size as the plane of 
the object casting the shadow is secured b)’- parallel ray pi ejection If the 
heart were a sphere, its volume could be calculated fiom the aiea of its 
projection m anj plane This, however, is not the case, and the estima- 
tion of volume from one plane suiface can be onlj an ajijn oximation 
Theoreticall)'', if jirojections of plane suiface were obtained from a num- 
ber of different views, the heart as a solid body could be leconstructed by 
orthographic projection, and its volume could thus be accurately detei- 
niined, but piactically, such reconstiuction is difficult oi impossible m 
man due to the interfeience of other structures with the shadow cast by 
the heart, structures such as the sternum, vertebral column, diaphiagm 
and liver and by the gieat vessels at the base of the heait Baideen,^^ 
however, has shown by direct deteimination of the volume of the heart in 
cadavers that a fair approximation can be obtained from a single plane 
(the frontal), and Skavlem^'’ has confiimed this on the dog^^ From 

18 Moritz, F Fine Methode um beim Rontgenverfahren aus dem Schatten- 
bilde eines Gegenstandes dessen wahre Grosse zu Armittehi (Ortbodiagrapliie") 
und die exacte Bestimmung des Herzgrosse nach diesem A^erfabren. Miinchen 
Med Wchnschr 47 992, 1900 

19 Volume = Plane area^/" • — - — 

3 V 

20 Skavlem, J H Estimation of Cardiac Volume in the Living Animal 
by Means of the Teleroentgenogram, Am J Physiol &1 501, 1922 

21 The formula for the human heart is, volume = 0 S3 A*/" and foi the dog s 
heart, volume = 0 44 A^/" when A equals the area of the silhouette of the frontal 
plane 
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the standpoint of the clinical goal of separation of the hypertrophied 
from the normal heart such determination of volume is not essential if 
some other measurement or system of measurements is sufficient to 
ensure this separation The real criterion of the value of any method of 
caidiac mensuration is its effectiveness in arriving at this diffeientiation 

REVIEW OF LITERATURE 

Since the time of Moritz’s first publication, numeious workers have 
attempted to establish normal standards for measurements applied to 
the silhouette of the frontal plane obtained by orthodiagraphy or tele- 
roentgenogiaphy Moritz proposed a rather complicated system of 
vertical, longitudinal and tiansverse diameter measurements, and these 
were applied, with the addition of surface aiea of the silhouette by 
Dietlen,^^ m a large senes of normal subjects Other more or less 
extensive studies m normal subjects have been made by Groedel,^'* 
Clayton and Merrill,-® Otten,-® Williamson,^" Shattuck,-®, Bardeen,^^ 
Haudek,-® Bertnard Smith,®® H E Smith and Bloedern and Cohn 
In these studies efforts have been made to i elate the measurements found 
with certain body measurements, especially m height and weight, and 
with age, sex and body conformation There has also been a tendency 
to reduce the number of silhouette measurements and to emphasize the 
value of two, the area of the frontal plane and the greatest trans- 
verse diameter of the silhouette of the fiontal plane The former 
appears to have the advantage of combining the elements of the various 

22 Moritz, F Ueber orthodiagraphische untersuchungen am Herzen, Mun- 
chen Med Wchnschr 49 1, 1902 

23 Dietlen Ueber Grosse und Lage des normalen Herzens und ihre Abhangig- 
keit von physiologischen Bedingungen, Deutsches Arch f klin Med 88 54, 
1907 

24 Groedel, F M Die Rontgendiagnostik der Herz und gefasser Erkran- 
kungen, Berlin, 1912 

25 Clayton, T A , and Merrill, W H Orthodiagraphy in the Study of 
the Heart and Great Vessels, Am J M Sc 138 549, 1909 

26 Otten, M Die Bedeutung der Orthodiagraphie fur die Erkennung des 
beginnenden Herzweiterung, Deutsches Arch f khn Med 105 370, 1911 

27 Williamson, C S The Effects of Exercise on the Normal and Patho- 
logical Heart, Am J M Sc 138 549, 1909 

28 Shattuck, G C How Can We Detect Slight Enlargement of the Heart ^ 
Boston M S J 174 385, 1916 

29 Haudek, M Rontgenologie — Eine Revision der Methodik der rontgeno- 
logischen Herzgrossenbeurteilurg, Jahreskurse fur artzliche Fortbildung, 1918 

30 Smith, B Teleroentgen Measurements of the Hearts of Normal Soldiers, 
Arch Int Med 25 522 (May) 1920 

31 Smith, H E , and Bloedern, W A US Nav M Bull 16 219, 1922 

32 Cohn, A E An Investigation of the Size of the Heart in Soldiers b> 
the Teleroentgen Method, Arch Int Med 25 499 (May) 1920 
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diameter measurements and to be less subject to \ariation from mmor 
influences, but it has the disadvantage that it requires arbitrary com- 
pletion of the upper border of the cardiac shadow when it meiges 
with the great vessels and of the lower bordei when it is contiguous 
with the diaphragm This difficulty is much greater in teleroentgenog- 
raphy than m orthodiagraphy, and it is impossible to make satisfactory 
measurements in man}"- teleroentgenograms in subjects with a short 
thorax and a high diaphragm A much more accurate completion of 
the lower border can be obtained by orthodiagraphy, because of the 
possibiht}' of separating two shadows of approximately equal density 
(heart and diaphragm) b}'- taking advantage of their difterences in 
movement (Ej'ster Completion of the border contiguous to the 
greater vessels is also more accurate when done ortho diagraphicall}^ 
because of the possibiht)" of the location of the junction of the right 
auricle and the vena ca\a on the right contour and of the left auricle 
and left rentncle on the left contour of the heart The greatest trans- 
verse diameter of the silhouette of the frontal plane has the advantage 
of being the most objective and definite measurement that can be 
applied to this silhouette It, houerer, appears to be more variable 
as a result of minor influences such as the extent of the stomach 
filling and the phase of respiration All measurements of the 
silhouette of the heart, so far as I know, have been confined to the 
frontal plane, although observations on the extent of the retrocardiac 
space (space between the posterior bolder of the heart and the vertebral 
column) in the lateral plane hare been recorded b> Vaquet and Bordet®* 
and by Eyster and Evans and Ejster ®® 

P C Hodges and Eyster and F J Hodges and Eyster pub- 
lished prediction tables for the size of the normal heart based on 
surface area and transverse diameter of the orthodiagraphic silhouette 
of the frontal plane m which the variables of age, height and weight were 
subjected to mathematical analysis The subjects represented a group 
of normal persons selected after careful clinical examination By this 
method it was possible to evaluate the different variables and to give 
them proper weight in the regression equation on which the prediction 
tables were based, and thus to assure, it was believed, a more accurate 
prediction than that found in tables previously published The true 
evaluation, however, of a method such as this is its ability to separate ^ 

33 Eyster, J A E The Size of the Heart in the Xormal and in Organic 
Heart Disease, Radiologj, 1927 

34 A aquez, H , and Bordet, E The Heart and the Aorta, English translation 
by J A Honeji, Hew Haven, 1920 

35 Hodges, F J , and Eyster, J A E Estimation of Transverse Cardiac 
Diameter m IMan, Arch Int Med 37 707 (May) 1926 
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the noimal fiom the enlarged heart, and in order to test this I applied 
the method m a study of 424 cases of normal and chronic heai t disease ^ 
It was found that subjects with organic heart disease of types that were 
known to be associated with hypertiophy were differentiated with a 
degree of accuracy that would lead to the conclusion that the method 
was of distinct clinical importance In cases of mitral and aortic 
disease, selected as characteristic of the earlier stages of the lesion 
before signs or S} mptoms of cardiac failure had occurred, a distribution 
above the upper normal range of 84 per cent of all cases was shown 
Ninety-four pei cent were more than 10 per cent above the predicted 
normal area while in the normal series of cases only 9 per cent of 
all cases exceeded the prediction more than 10 per cent Similar 
but less marked separation could be made on tbe basis of the greatest 
transverse diameter 

METHODS 

The piesent study is concerned with an attempt to evaluate the 
introduction of other measurements of orthodiagraphic silhouettes and 
of other bod} measurements m relation to the prediction of the size 
of the normal heart and the separation of normal and hypertrophic 
hearts The measuiements of the silhouettes studied were the area and 
greatest transverse diameter of the silhouette of the lateral plane com- 
bined with similar measurements from the frontal plane The addi- 
tional bodv measuiements introduced were the anteroposterior and 
lateral diameters and the girth of the thorax (made at the third 
intercostal space ) Anew series of 100 care fullv selected normal persons 
was studied and compared with 100 patients with organic heart disease, 
the latter group comprised 55 cases of mitral stenosis and regurgitation, 
25 cases of aortic regurgitation, 10 cases of aortic and mitral disease, 
15 cases of hvpertension with chn.cal signs of cardiac hypertrophy and 
5 cases with clinical signs of adherent pericardium In all of these 
cases the compensation of the heart w'as good, and the historv did not 
suggest cardiac failure The data from the normal senes were sub- 
mitted to mathematical analysis, and regression equations weie 
determined for prediction, the new silhouette and body measurements 
being used The data, including thoracic measurements, are restricted 
to fiftv cases in each group In the mathematical tieatment of these 
data it became evident that the best prediction combination of the foui 
cardiac measurements the areas of the frontal and lateral planes and 
the transverse diameteis of the frontal and lateral planes, was the sum 
of the two transv erse diameters, and that the addition of the areas con- 
tributed too little to justify their inclusion in the final formula 

New formulas were also dev'eloped for the area of the frontal plane 
and transverse diametei including the thoracic measurements in 
addition to age height and weight as v'ariables 
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With the new prediction tables available, the next step was to test 
the degree of separation of the normal and pathologic by plotting the 
lesiilts of each gioup on distribution cuives In these curves, the 
1 esults in cases coi i esponding with the prediction are plotted as showing 
zero variation, and those of other cases are plotted according to whethei 
they vary in peicentage from the piediction above (-f-) or below ( — ) 
The extent of ovei lapping of the noimal and pathologic, the range 
between an arbitiary percentage variation from the predicted (dr 10 pei 
cent) and the peicentage of pathologic cases exceeding the upper normal 
range aie shown Three additional simple ratios available from the data 
are included , these concern the relation between the tiansveise diameter 
and the area of the silhouette of the frontal plane and the thoracic 
measiii ements 

MATHEMATIC \L TREATMENT 

An attempt to discuss the statistical theory in detail on which the mathematical 
treatment of the present material is based would be out of place in the present 
communication, and it must suffice to refer to the writings of Thorndike, 3° 
Pearson, 3" Yule^s and Hull.^o to its application to biologic study by Hams and 
Benedict*" and to its previous application to cardiac mensuration by Hodges and 
Eyster ■" 

The method depends on obtaining partial and multiple coefficients of correla- 
tion and in giving to each variable a weight that will produce tlie highest degree 
of correlation between the variables and the criterion In the first study, that 
in which measurements from the silhouettes of both the frontal and the lateral 
planes were employed, there were four criteria the area of the frontal plane, 
the transverse diameter of the frontal plane, the area of the lateral plane and 
the transverse diameter of the lateral plane The variables were age, height 
or stature, and weight In the second mathematical treatment of the material, 
thoracic measurements were also introduced as variables In addition to the 
four basic measurements of the heart, treated scparatelj, various combinations 
were tested as follows the sum of the areas of the frontal and lateral planes, 
the sum of the transverse diameters of the frontal and lateral planes, the product 
of the transverse diameter of the frontal plane by the area of the lateral plane 
and the product of the transverse diameter of the lateral plane by the area of 
the frontal plane All possible intcrcoefficients of correlation were first com- 


36 Thorndike, E L An Introduction to the Theory of Mental and Social 
^feasurements, Columbia University Press 

37 Pearson, Karl Tables for Statisticians and Biometricians, Cambridge 
University Press, 1914 

38 Yule, G U An Introduction to the Theory of Statistics, London, Charles 
Griffin, 1919 

39 Hull, C L Prediction Formulae for Teams of Aptitude Tests, Applied 
Psychology 7 277, 1923 

40 Harris, J A , and Benedict, EGA biometric Study of Basal Metabo- 
lism in Man, Carnegie Institute Washington, 1919 

41 Hodges, P C, and Evster, J A E (footnote 15) and Eyster, J A E 
(footnote 33) 
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puted as uell as the mean and standard deviations, the correlating machine 
devised bj Hull being used and checked to absolute accuracj The formula used 
for obtaining the simple coefficients of correlation uas 

MiX. — AiiX:^r= 

(Mi)= VM==— (M.) = 

The multiple coefficients of correlation were obtained b} the formula 

W.P«i + W=Po= + W=P«: 

Rc 1, 2, 3 = 

Poo 

In table 1 is gneii the multiple coefficients of correlation for the various 
combinations of the heart and body measurements These figures express the 
extent of correlation or agreement between these measurements and give an 


T'IBle 1 — Midhplc Coefficients of Cot relation foi Various Combinations 
of Heatt and Body Measurements 





Age, Height, Weight 



Age Height, 

and Thoracic 

Heart lleasurementc 


■Weight 

Measurements 

Area of front'll plane 


0 547 

0 575 

Transverse diameter of frontal plane 


0 092 

06S1 

Area of lateral plane 


0 454 

0444 

Transverse diameter of lateral plane 


0 499 

0 59S 

Sum of areas of lateral and frontal planes 
Sum of transverse diameters of lateral and 

frontal 

0631 

0 635 

planes 


0 700 

0734 

Area of frontal and transverse diameter of 

lateral 



plane 


0 610 

0 623 

Transverse diameter of frontal plane and area of 



lateral plane 


0 654 

0671 


index of the accuracy of prediction that it is possible to make The prediction 
formulas developed were as follows 

1 Formula for the sum of the transverse diameters of the frontal and lateral 
planes based on age, height and weight 

Xo = 0 28542 X age — 0 489355 X height + 1 34498 X v eight + 185 84 

2 Formula for the sum of the transverse diameters of the frontal and lateral 
planes based on age, height, weight and thoracic measurements 

Xo = — 019175 X age — 1 17373 X height + 1 10799 X weight — 0 07063 X 
anteroposterior diameter + 0 07835 X lateral diameter + 0 75981 X girth -f 
260 306 

3 Formula for the area of the frontal plane based on age, height, weight and 
thoracic measurements 

Xo = — 061315 X age + 0 050378 X height + 0 578655 X u eight ■ — 018051 X 
anteroposterior diameter + 0 160057 X lateral diameter — 0 2876 X girth + 
81 18 

4 Formula for the transverse diameter of the frontal plane based on age, 
height, -weight and thoracic measurements 

Xo = — 0 05932 X age —0914298 X height + 0959396 X weight — 0 20951 X 
anteroposterior diameter + 0 0256 X lateral diameter + 0 49855 X girth + 
208 2 




Chart 1 — Distribution of measurements from frontal and lateral orthodiagrams in normal cases 
and in cases of organic heart disease 
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RESULTS OF STUDY 

The results of this study are given in the form ot distribution 
curves m charts 1 and 2 With the exception of the four last columns 
m chart 2 (from 17 to 20 inclusive), the results of each are charted 
in regard to their sanation in percentage from the predicted In 
columns 1 and 2 and in 7 and 8, concerned with the area and transverse 
diameter of the frontal plane respectively, prediction was based on 
the arithmetical means of the normal series These means vere 112 



Chart 2 — Distribution of measurements from frontal and lateral orthodiagrams 
in norma! cases and in cases of organic heart disease 


sq cm m the area of the frontal plane and 124 mm in the transverse 
diameter of the frontal plane In all the otlier columns (except columns 
17 to 20) prediction \\as based on one of the formulas developed in 
this or in preiious work (Hodges and Eyster^^) In the last four 
columns of chart 2, the results are charted as actual measurements 
In columns 1 to 6 inclusive, the areas of the frontal plane are con- 
sidered Column 1 represents the distribution of 100 normal subjects 
in which the areas of the frontal plane are charted according to their 
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variation from the arithmetical mean of the group (112 sq cm ) 
Column 2 lepiesents the distribution of 100 cases of organic heart 
disease from the noimal mean Columns 3 and 4 represent similar 
consideiations of the nounal and abnormal groups m which piediction 
was based on the foimula, age, height and weight being used as 
variables (Hodges and Eyster^®), and columns 5 and 6 comprise fifty 
cases in each group in which the additional variables of thoracic 
measurements were introduced and predicted according to formula 3 
Columns from 7 to 12, inclusive, represent an exactly similar series in 
which the determination of the transveise diameter of the frontal plane 
was made Column 7 represents the normal series based on the arith- 
metical mean (124 mm ), and column 8 the abnoimal group similarly 
predicted Column 9 represents the normal gioup in which prediction 
was made by the formula, age, height and weight previously published 
(Hodges and Eyster’’^) being employed, column 10 similar treatment 
of the abnormal group, and columns 11 and 12 groups of fifty cases 
each from the normal and abnormal groups, thoracic measurements 
being used as additional variables in the prediction according to 
formula 4 

The first four columns of chart 2 represent the application of the 
additional cardiac measurements from the silhouette of the lateral 
plane Consideiation of the area and transverse diameter of the lateral 
plane alone and m combination with measurements of the frontal plane 
indicated that the best prediction would be obtained by employing the 
sum of the two diameters, the frontal and the lateral (table 1 ) Inclusion 
of area measurements complicated the procedure without improving it 
Accurate delineation of the contour in its upper and lower boundaries 
IS more difficult m the lateral than in the frontal plane owing to the 
greater density of the shadows cast by the diaphragm and the mtei posi- 
tion of the hila of the lungs The antei lor and the posterioi contoui , 
so long as the lattei is clear from the shadow of the spinal column 
aie, however, readily obtained with accurate measurement of the 
greatest trarrsverse diameter Formulas were developed to jn edict the 
sum of the two transveise diameters, age, Ireight and weight being used 
as variables (formula 1) and the mtioduction of thoracic measurements 
as additional variables (formula 2) Column 13 (chart 2) shows the 
distribution from the predicted of the same group of 100 noimal cases, 
and column 14 shows the same group of 100 pathologic cases previously 
employed in the other types of measurement, height and weight being 
used as variables (foimula 1) Columns 15 and 16 show results in 
fifty cases in each of the normal and pathologic series in which thoracic 
measurements were available and which were predicted by foimula 2 

Columns 17 to 20, inclusive, represent simple ratios lietween 
the transverse diameter of the silhouette of the frontal plane and 
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the transverse diametei and girth of the thoiax, lespectively As 
there is no normal piediction in these, they are plotted, not as 
variations in percentage, but as the actual ratio In column 17, the 


results from the ratio 


Transverse Diameter of the Thorav 


of fifty nor- 


Frontal Transverse Diameter of the Heart 

mal subjects are plotted, and column 18 lepresents the same from 
fifty subjects with organic heart disease Column 19 lecords the ratio 
tI ^ fa r Tr - iSrvts°e - £mILrorthe ' H Same scries of normal subjects 

and column 20 in the same series of pathologic cases 


COMMENT 

The real cnteiion for the value of any method applied in clinical 
diagnosis is its ability to separate the normal and pathologic cases 
Considered in this light it appears obvious that the area and transverse 
diameter of the frontal plane, predicted from age, height and weight, 
are of definite value, and that little if anything is gained by the intro- 
duction of other cardiac or body measurements (thoracic) Measure- 
ments from the silhouette of the lateral plane appear to improve slightly 
the prediction in normal cases (comparison of column 13 with columns 
3 and 9), but the separation from the pathologic is less The probable 
leason for this is that the true measurement of the transverse diameter 
of the silhouette of the lateral plane is not obtained in enlargement of 
the left ventricle, because the posterior caidiac contour is displaced 
dorsally and fuses with the shadow of the spinal column resulting m 
an obliteration of the retrocardiac space This measurement, which it 
IS possible to make accurately in the normal subject, thus is probably 
underestimated in most of the pathologic cases 

Three ratios between measurements from the silhouette of the 
frontal plane and thoracic measurements have also been considered. 
The first of these, the ratio between the greatest transverse diameter 
of the heart and the transverse diameter of the thorax (columns 18 
and 19, chart 2) has been advocated by Kreufuchs and by Danzer^®^ 
It IS the method for attempting to distinguish hypei trophied hearts- 
which has been most widely used in this country According to Danzer, 
the width of the heart forms from 39 to 50 per cent of the width of 
the thorax in normal subjects If the diameter of the heart is more 
than half the diameter of the thorax, the possibility of hypertroplty 
should be considered, and if the percentage of the diameter of the heart 
rises to 53 per cent or more, hypertrophy is defimtely present In 
hearts of the “drop” type, of small initial transveise diameter, consider- 

42 Kreufuchs Eine neues Verfahren des Herzmessung, Munchen Med 
Wchnshcr 59 1030, 1912 

43 Danzer, C S The Cardio-Thoracic Ratio , an Index of Cardiac Enlarge- 

ment, Am J M Sc 157 513, 1919 
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able hypertrophy may develop, however, without the ratio exceeding 
the normal range, and Danzer’s final conclusion is that if the cardio- 
thoracic ratio exceeds the normal range, hypertrophy is constituted, if 
not the possibility of hypertrophy cannot be ruled out It is evident from 
a consideration of this method in the present senes of cases that it has 
little clinical value It is, in fact, little better than assuming an average 
transverse diameter as the basis for prediction, and it gives a distinctly 
poorer prediction than any of the methods using the area of the frontal 
plane, including the one based on average values Distinctly better 
separation of normal and hypertrophied hearts is obtained by employing 
the thoracic girth in the ratio instead of the transverse diameter of the 
thorax (columns 19 and 20, chart 2), and an even bettei latio is that 
between the cardiac area of the frontal plane and the thoracic girth 
(table 2) The latter, however, involves measurement of the area of 
the plane and does not have any advantage over the prediction based 
on age, height and weight It does, however, emphasize the fact that 
the area of the silhouette of the frontal plane is a more valuable 
measurement than the transverse diameter and more neatly approxi- 
mates a determination of the true size of the heart In the present 
series of normal subjects, the transverse diameter of the heart was less 
than half the transverse diameter of the thorax m 94 per cent, but 
this was also true in 38 per cent of the pathologic cases, and only 42 
per cent of the latter equaled or exceeded Danzer’s upper range of 52 
per cent 

In order to show more clearly the value of the different methods 
considered, certain points are included in table 2 The first column 
gives the type of measurement employed, and the succeeding four 
columns the percentage of cases lying between ±: 10 and above -{- 10 per 
cent in the normal and pathologic series The sixth column gives the 
percentage of the pathologic cases that exceed the upper range of the 
normal In an effort to e\aluate the separation of the normal and 
pathologic cases, the se^enth column is included m which the figures 
represent the percentge abo\e -f- 10 per cent in the normal subtracted 
from the percentage above 10 per cent in the pathologic as a measure 
of the extent of overlapping be}ond what may be considered as a fair 
upper normal variation To give a final figure representing the order of 
■value of the different methods, the eighth column gives the sum of the 
tivo preceding columns It is obvious that the determination of the area 
of the frontal plane is the most important single cardiac measurement, 
and that little if anything is gained by inclusion of other cardiac or of 
body measurements m addition to those of height and weight In a 
preceding paper it has been pointed out that possibly a gain would be 
made in accuracy of prediction of the size of the heart by including other 
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bod} measm ements, but if so these should be such as would con elate 
more closely with the size of the heait than with the body measui ements 
already employed It was shown, for example, that sitting height cor- 
relates so closely with standing height that eithei may be employed but 
that there is no advantage in using both It appears probable that a type 
of body measurement will not be found which correlates better with the 
size of the heait than height and weight, unless perhaps it is some othei 
organ weight obviously impossible of clinical use Inclusion of othei 
measurements thus introduces complications without corresponding 
improvement m the accuracy of prediction 

Considerable ciiticism has been directed to the use of the aiea ot the 
fiontal plane because of the necessity of the arbitrary completion of 
portions of the cardiac contour, and it has been regarded as so inaccurate 
and subjectne in nature as to lead to its i ejection by certain recent 
workers (Deutsch and Kauf My rather long experience with this 
method has led to the conviction that it is accurate if measured from 
the orthodiagraphic tracing made by one with some experience in this 
t}pe of work Repeated determinations on the same person and com- 
parison of orthodiagrams made by different observers confirm this view 
On the other hand, it is most inaccuiate when an attempt is made to 
apply It to many teleioentgenograms, and if used at all with them, it 
should be applied only m selected cases in which the heart lies lelativeh 
free from the diaphragmatic shadow If one must work with teleroent- 
genograms, it IS preferable to rely on the greatest transverse diametei 
which is accurately obtained and predicted according to the formula 
previously published (Hodges and Eyster^^) or perhaps by employing 
the ratio of the thoracic girth as the present work suggests Ortho- 
diagraphy should be employed whene\er possible, not only because it 
leads to more accurate mensuration, but because it also allows a 
fluoroscopic examination of the great vessels, and observation in the 
lateral and in the vaiious oblique planes when desirable In my opinion 
the roentgen ray is as valuable in the diagnosis of cardiovascular dis- 
eases as It IS in gastro-enterology, and it is far more comprehensive m 
the information it supplies than any of the other adjuncts of clinical 
study 

CONCLUSIONS 

1 A comparison of the area of the orthodiagiam of the fiontal plane 
with the predicted area using age, height and weight as variables affords 
the best sepaiation so far employed in differentiating between normal 
and hypertrophic hearts 

44 Deutsch, F , and Kauf, E Heart and Athletics, English translation by 
L AI Warfield, St Louis, C V Mosby Companj% 1927 
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2 The introduction of other body (thoracic) and heart measure- 
ments from other planes results in little if any gam in accuracy 

3 The transverse diameter of the silhoutte of the frontal plane 

(orthodiagraphic or teleroentgenographic) similarly predicted or deter- 
mined from the ratio Ti^racic — — lepresents what 

Trans\ersc Diameter of the Heart 

appeals to be the next most valuable method for diffei entiation 



ROENTGEN-RAY TREATMENT OF THE SPLEEN IN 
ASTHMA AND IN RELATED ALLERGIC 

DISEASES 

GEORGE L WALDBOTT, MD 

DETROIT 

In 1920, Diey and Lessen^ treated a patient who was afflicted 
simultaneously with leukemia and bronchial astlnna by irradiation of 
the spleen with the roentgen ray , they noticed that the asthmatic condi- 
tion improved appieciably Similar reports of the recovery of asthmatic 
patients following inadiation administeied to alleviate other ailments 
are given by Scott ^ and Schilling ® In 1925, Groedel ^ tieated a number 
of asthmatic patients by iiiadiation of the spleen and was favorably 
impiessed with the results Others (Pohlmann,'^ Galhno and Terrada ® 
and Moner concuried in the optimistic opinions of the foregoing 
authois on the value of this foim of therapy 

In this country, Geiber® introduced this procedure for the treatment 
of patients with asthma, and at the same time advocated exposure of the 
chest, the so-called direct method, which is based on the pievious work 
of Klewitz,^ Schilling ® and othei s 

From the Asthma Clinics of the Children’s Hospital of Michigan and the 
North End Clinic 

1 Drey, L , and Lossen, H Beseitigung chronischen Bronchialasthmas durch 
Fernwirkung der Roentgenstrahlen bei Milzbestrahlung, Strahlentherapie 19 1052, 
1920 

2 Scott, G Method of Treating Asthma by Radiation, Brit M J 1 9 
(June) 1926 

3 Schilling, T Gunstige Beeinflussung der chronischen Bronchitis durch 
Roentgenstrahlen, Verhandl d Kong f inn Med 23 463, 1906 

4 Groedel, F M Die Roentgenbehandlung des Asthma bronchiale in Roent- 
genbehandlung Innerer Krankheiten, Munchen, J F Lehman, 1922 

5 Pohlmann, C Milzbestrahlung bci Bronchialasthma, Alunchen med 
Wchnschr 72 57 (Jan ) 1925 

6 Galhno, M Al , and Terrada, H A1 Radio-Therapy of Asthma, Rev 
Soc de med Torino 1 132, 1925 

7 Afoner, G La Radioterapia en le Esma Bronchial, Rev Soc Argentm 
de Rad y Electr 1 19, 1925 

8 Gerber, I Roentgen-Ray Treatment in Bronchial Asthma and Chronic 
Bronchitis, J A AI A 85 1026 (Oct 3) 1925, Further Observations on the 
Roentgen-Ray Treatment of Bronchial Asthma and Allied Conditions, Radiology 
9 192 (Sept ) 1927 

9 Klewitz, D F Roentgenbestrahlung bei Asthma bronchiale, Munchen 
med Wchnschr 69 305 (March) 1922 
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Cole and Ramirez,^” who applied roentgen-ray treatment over the 
spleen and chest, do not, in their report, share the favorable impression 
of the aforementioned authors An analysis of their records, however, 
indicates that the treatment of the spleen alone gave better results than 
the combined method I have previously given a detailed report of a 
case with the results of roentgen-ra}'^ treatment of the spleen, and I have 
subsequently published data obtained m ten cases The observations 
of the Aarious authors are recorded in table 1 Of 171 patients, 70 1 
pel cent were improved, 117 per cent failed to respond to the treatment, 
and the rest did not return for obsen^ation In the reports of these cases, 
however the clinical data are either lacking or incomplete, with the 
exception of the ones presented by Cole and Ramirez and those reported 
by me Gasul Avho applied diatheimy to the spleen, reports “excellent 
results ” 


Tablf 1 — RlsuH'; of Obso-valions of Various Authoi ? 





Total 


Results 






Xumber of , 


A 


Not 




Patients 

Splendid 

Good 

None 

Returned 

Groedel 

1922 

Spleen 

41 

18 

12 

8 

2 

Pohlmann 

1925 

Spleen 

42 


40 

2 


Ramirez and Cole 

1925 

Spleen 

8 


4 

4 


Waldbott 

1923 

Spleen 

10 


6 

2 

2 

GaUino and Terrada 

1925 

Spleen 

20 

12 

10 

2 

2 

Jloner 

1925 

Spleen and lungs 

22 

7 


1 

5 

Mueller 

1920 

Spleen and lungs 

22 


11 

1 

4 




in 

120 

20 

13 


In spite of these encouraging reports in the hteiature, roentgen-ra) 
treatment of patients with asthma has not been universally adopted, a 
fact easily explained by the followung (1) the difficulty of gaming an 
unprejudiced view'’ of the efficac}’’ of any one remedy for asthma, (2) the 
insufficiency of experimental evidence on the use of this treatment and 
(3) the insufficient knowdedge of a possible injurious action of the rays 
on the body 

10 Cole, L G and Ramirez, M A Roentgen-Ra> Therap\ in Bronchial 
Asthma Am J Roentgenol 14 322 (Oct ) 1925 

11 Waldbott, G L Roentgen-Ray Treatment of the Spleen in Asthma, Arch 
Int Med 36 743 (Nov ) 1925 

12 Waldbott, G L Treatment for Asthma and the Related Anaphylactic 
Diseases, J Michigan M Soc 24 588, 1925 

13 Mueller, A Roentgen-Raj Treatment of Bronchial Asthma, filed Klin 
21 1493 (Oct) 1925 

14 Gasul, R Method of Treatment of Bronchial Asthma by Diathermy of 
Spleen Strahlentherapie 21 685, 1926 
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“cure” or PAIIENTS VVini ASTHMA 

In refeience to the fii'st point Kahn has lecently demonstrated 
that It IS almost impossible to form an impartial opinion legaiding the 
‘cure” of asthma The confusion encountered m analyzing the value 
of a therapeutic measuie is explained by the laige variety of factors 
which contribute both to the outbreak of an attack and to its subsidence 
An apparent cuie may be simply a lesult of the temporary absence of 
the exciting agents Spontaneous remissions aie often of long duiation 
and are sometimes peimanent 

EXPERIMENTAL EVIDENCE 

In regard to the pait which the spleen plays in the causation of 
anaphylaxis and allergy, refeience has been made m a former publica- 
tion to experiments by Luckhardt, Becht, Carrel and Ingebrigsten, 
Hektoen and Motohashi These authors showed that the spleen is 
involved in the production of specific antibodies Their work suggests 
that the removal of the spleen i educes the power of the animal to produce 
antibodies, whereas ii radiation of the spleen increases the antibody titei 
of the blood Doerr and Schneider have recently confirmed the 
theoiy that if roentgen-iay treatment is applied in pioper doses, it 
prevents the pioduction of anaphylaxis in animals Although the 
anaphylactic experiment is not generally consideied analogous to the 
mechanism of allergy (Coca^®), the evidence obtained by these expeii- 
ments suggests a close lelationship of the spleen to the allergic phe- 
nomenon Mayr and Moncorps obseived a marked reduction in the 
number of eosinophils in sensitized animals following the injection of 
extract from the spleen When this procedure was used on human 
beings who showed alleigic manifestations of the skin, the same result 
was encountered Should these observations be confinned, there would 
be reason to believe that hypofunction of the spleen results in hyper- 
eosinophiha and hyper function of the spleen in hypoeosinophiha oi 
aneosinophiha In view of the almost invanable association of 
eosinophilia with the phenomenon of allergy, these experiments suggest 
that the spleen is in some way concerned in the mechanism of asthma 

15 Kahn, M H Present Status of Curability of Bronchial Asthma, Arch 
Int Med 39 621 (May) 1927 

16 Doerr, quoted by Schneider Klin Wchnschr 6 1037 (May) 1917 

17 Schneider, E Anaphylaxie und Roentgenstrahlen, Klin Wchnschr 6 
1037 (May) 1927 

18 Coca, A F Essentials of Immunology, Baltimore, Williams & Wilkins 
Company, 1926 

19 Mayr, J K , and Moncorps, C Eosinophilia and the Spleen, Munchcn 
med Wchnschr 73 1777 (Oct) 1926, Studien 7ur Eosinophilia, Virchows Arch 

, f path Anat 264 774, 1927 



Tablf 2 — Allergic Asthma in Children* 
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In the tables, (- Indicates that there -was temporary lelief, ++, symtom lice and — , that the patient Mas not impiovcd lollowing treatment 




Table 3— Allergic Asthma m Adult'! 
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In the following studies in order to gain further insight into the 
influence of the spleen on alleigic conditions, I have used roentgen-ray 
treatment over the spleen only Irradiation of the chest was purposely 
omitted 

MLTHOD 

In the cases recorded, the patients were under continuous observation during a 
period of from three months to three jears During this time, other treatment 
was not administered, with the exception of emergency measures during acute 
attacks The patients were advised not to eliminate contact with known exciting 
substances Patients with asthma who were sensitive to food were asked particu- 
larly not to exclude from their diet food to which they were sensitive 

The roentgen-ray treatment was administered by the roentgen-ray departments 
of the clinics In the technic, the directions of Groedel were followed, 5 milli- 
amperes, 4 mm of aluminum, 88 kilowatts at 10 inch skin target distance were 
applied for six minutes As a rule, two treatments were administered at intervals 
of two weeks The number of treatments and intervals betw^een treatments were, 
however, adjusted to the individual case (column 11 in tables 2, 3 and 4) 

Before the treatment was instituted, the patients were carefully studied m an 
attempt to gam as much insight into the individual condition as possible Skin 
tests, eosinophil counts and radiographs of the chest were made as routine 
procedures In questionable cases, epinephrine w’as administered as a therapeutic 
test Determinations of the blood calcium (Browm,'“ Wilmer'^) were made for 
a number of patients, but later this was abandoned because the results were too 
inconstant to be of -value m distinguishing allergic asthma from other asthma-like 
conditions On the basis of these studies, the patients were grouped according 
to the etiolog> found (table 5) 

In tables 2 and 3 are given the data for patients in whom the condition 
w^as definitely diagnosed as allergic asthma, in table 2 those of patients who 
were less than 15 years of age, and in table 3 those of patients 15 years 
of age or more Following the procedure of Rackemann,^^ these patients 
were grouped according to their sensitiveness to bacteria, food, pollen 
and emanation It should be noted, however, that this classification is 
not entirely satisfactory, because many asthmatic patients are sensitive 
simultaneously to several substances (Peshkin”®) In table 4 are 
recorded the cases of hay-fever, angioneurotic edema, urticaria and 
eczema Since these conditions are etiologically closely related to asthma 
It was hoped to secure a broader view of the value of roentgen-ray 
therap) of the spleen by submitting these patients to this treatment 
Table 4 also includes the data of cases in which the patients manifested 

20 Brown, G T Calcium Deficiencv' m Asthma, Hayfever and Allied Con- 
ditions, Ann Clin Med 4 299, 1925 

21 Wilmer, H B Treatment of Bronchial Asthma, J A M A 89 956 
tSept 17) 1927 

22 Rackemann, R M Clinical Classification of Asthma Based upon a Senes 
of 648 Cases, Am J M Sc 162 802 (Dec ) 1921 

23 Peshkm, M M Asthma in Children, Am J Dis Child 31 763 (June) 
1926 



Table 4 — Associated Conditions 
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the asthmatic symiDtom complex of wheezing and dyspnea, the cause of 
which was determined to be othei than allergic, namely hypertrophy 
of the thymus The cases of foui patients with asthma on the basis of 
tuberculosis are also lepoited The treatment was given to the two 
patients with ha}-fevei as prophylaxis befoie the expected onset of 
symptoms Seveial patients with hay-fever received the roentgen-ray 
therapy dm mg the season, but the results are not recorded because the 
treatment was administered too close to the expected time of the sub- 
sidence of s}mptoms to permit fair judgment of its \alue In interpret- 
ing the results, I have relied on the patient’s personal statement in 
conjunction with my own observation and the opinion of the referring 


Tablf S — Etwlogic ClasstHcation of Cases 


Tjpes 

+ + 

+ 


Total 

Allergic Astlimi (tables 2 and S) 

Pood 

2 

4 

4 

10 

Pollen 

— 

1 

1 

2 

Bacteria 

7 

8 

2 

17 

Emanation 

2 

1 

2 

5 

Pood and pollen 

1 

1 

— 

2 

Pood and bacteria 

1 

1 

3 

5 

Pood and emanation 


1 

1 

2 

Pollen and emanation 

Bactena and pollen 

Unknown causes 

2 

1 

2 

1 

2 

1 

1 

6 


15 

20 

16 

61 

Associated Conditions (taolo 4) 

Allergic bronchitis 

Tuberculosis and asthma 

4 

1 

— 

5 

— 


4 

4 

Chronic nonspecific bronchitis following asthma 

— 

— 

8 

3 

Bronchiectasis following asthma 


— 

1 

1 

Hay fever and asthma (prophylactic treatment) 

— 

2 

— 

2 

Vasomotor rhinitis 

1 

— 

2 


Urticaria 

1 

— 

2 

3 

Angioneurotic edema 

— 

2 

— 

2 

Infantile eczema 

— 

— 

4 

4 

Thjmus hypertropin 

— 

— 

3 

3 


. 

1 - 

■■ 

— — 


G 

5 

19 

30 


physician The designation “symptom-free” (xx) is applied onty to 
cases in which the patient has been under observation for at least six 
months following the treatment The term “temporary relief” (x) 
indicates that the asthmatic attacks were markedly reduced in frequency 
as well as in severity for a limited lapse of time This group includes 
some patients who were “symptom-free” when last seen, but who did 
not return for observation for a sufficiently long period of time to be 
classified in this group The patients not relieved ( — ) were the ones 
who did not show improvement within three weeks after the last expo- 
sure Other therapeutic measures were administered to these patients 
later, and a considerable number were improved, but their relief from 
symptoms was not attributed to the roentgen-ray therapy As a whole, 
an attempt was made to be conseivative in interpreting the results The 
designation “cured” has purposely not been used, because one should be 
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awaie of the fact that even though a patient is symptom- free foi several 
yeais, an attack is apt to occur at some future time 

RESULTS 

In a total of eight-one cases, twenty-one patients were symptom -free, 
twenty-five were temporal ily relieved and thirty-five, of 43 2 per cent, 
did not respond to the treatment Of fifty-one patients with allergic 
asthma (tables 2 and 3), fifteen remained symptom-free, twenty were 
temporarily relieved, and sixteen did not lespond to the tieatment, 
representing 31 3 per cent of failures 

In table 2 the records of thiity-mne childien show 30 8 pei cent of 
failures , in table 3, presenting twelve adults, the figures show 33 3 
per cent of failures Table 4 shows the results of treatment of 
patients suffering from asthma complicated by other conditions and 
also patients with other allergic diseases, only six of thirty patients 



Fig 1 — ^Efficacy of treatment m patients of various ages The black columns 
indicate that the patients were symptom free, the dotted columns that there was 
temporary relief and the blank columns that the patients were not improved 

weie symptom-free, five weie temporarily relieved, and nineteen, or 
63 3 per cent, did not lespond The details are given in table 5, which 
reveals that patients who had asthma complicated by tuberculosis or 
chronic bronchitis (emphysema) did not show improvement Likewise, 
patients with eczema and “asthma” due to hypei trophy of the thymus 
did not benefit by the treatment The results in cases of hay-fever, 
urticaria and vasomotor rhinitis are uncertain In patients with allergic 
bronchitis, the treatment was most effective Allergic bronchitis is a 
condition characterized by cough and expectoration due to allergy, but 
It IS not sufficiently severe to produce attacks (Duke^^) The results 
in table 5 also indicate that in bacterial cases the patients were relieved 

24 Duke, W W Allergy, Asthma, Hay-Fever and Allied Manifestations, 
St Louis, C V Mosby Company, 1926 
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by this treatment inoie generall}’’ than in other cases The age of the 
patient furnished information that was of some prognostic value An 
analysis of figuie 1 , m which the age of the patients is compared with 
the efficac}- of the tieatiuent indicates that the greatest number of 
improvements occuiied in the }ounger and the gieatest number of fail- 
ui es 111 the older patients 

REA.CTION 

Most obseiveis noticed a marked “reaction” after the treatment, 
consisting mainly of nausea, vomiting, headache, dizziness and, occa- 

Table 6 — Obseivation on Reactions 





Days Following 


Case 

Exposure on 

Reaction* 

Treatment 

Result 

2 

7/26/25 

V N 

5 

+ 


8/ 4/25 

D 

2 


3 

9/21/26 

P 

2 

++ 

4 

10/13/25 

V 

1 

+ -h 

5 

11/10/25 

V N 

2 



5/11/23 

P V 

o 


6 

3/31/26 

V 

1 

— 

7 

12/21/26 

V P 

4 

— 

8 

12/13/26 

p 

2 

— 

12 

9/ 8/25 

V P A 

2 

4- 

13 

12/ 2/25 

D V P 

\ 2 

+ 

14 

5/21/26 

D 

1 

— 

17 

3/22/25 

N A 

4 

+ 

21 

4/26/27 

N 

1 


24 

11/23/26 

V V 

5 

+ 

25 

9/ 8/25 

N D 

2 


26 

11/23/25 

V N 

1 

« — 

28 

1/ 5/27 

V A 

2 

4-+ 

32 

6/26/2!7 

A 

1 

+ 

34 

4/23/27 

^ D 

2 

— 

42 

8/24/26 

N V P 

2 5 

+ 

48 

4/12/27 

V N D 

1 

4- 

49 

7/21/25 

P N 

5 

4- 

61 

3/15/26 

V ^ 

1 

+4- 

52 

11/12/24 

A 

5 

+4- 

53 

12/15/24 


2 

4-4- 

55 

11/ 2/26 

V N 

2 

+4- 


11/19/26 

I) P 

2 


59 

11/23/27 

V 

1 

■ — 

GO 

11/30/23 

^ V P 

3 

— 

G2 

1/10/23 

V 

2 

— 

G3 

6/10/26 


2 

4- 

65 

9/24/26 

P N V 

1 

++ 

6S 

8/ 7/26 

N 

2 

4- 

72 

5/28/27 

N V 

2 

• — 


7/ 8/27 

N 

2 


79 

12/ 8/25 

V 

2 

4- 


* N indicates nausea, V, vomiting, P, abdominal pain, and A, asthmatic attack 

sionally, a severe attack of asthma Groedel expressed the opinion that 
this reaction may possibly be an obligatoiy factor to a subsequent cure, 
and he felt that the severity of the reaction was in direct proportion to 
the degree of relief obtained Gerber believed that the occunence of 
the reaction is due to the administration of too large doses of the 
roentgen ray On restricting the exposures to the mediastinum only, he 
observed less severe reactions Observations in regard to this question 
are recorded in table 6 One hundred and sixty-mne treatments were 
administered to eight-one patients Of this number, only thirty-seven 
treatments given to thirtv-three patients were followed bv leactions 
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Ten of these patients were S}niptom-free, thirteen were temporarily 
reIIe^ed and ten did not improAe There were, therefore, onl} 30 per 
cent of failures among these cases as compared with 43 2 per cent of 
the whole total Thus, on the whole, the occurrence of a reaction was 
accompanied b}^ better results The sevent}’- of the reaction in the 
indnidual case however did not deteimme the degree of relief, as a 
close anal} sis of table 6 reveals The reaction usuall} occurred on the 
second day , nausea and vomiting were the predominating s}miptoms In 
five cases a severe attack of asthma followed the treatment, in one, a 
marked urticaria In one patient who was treated after the conclusion of 
these studies, extensive eczema developed on the site of exposure, 
whereas the asthma disappeared completely 

LUNGS 

Groedel Gerber, Mueller and others noticed a marked increase in 
expectoration among the patients who improved I did not always 
observe tins phenomenon Some patients developed a severe, dr}”-. 


7-19 -Z7 

7-29-27 

8-2-27 

8-5-27 

S-9-27 

8 -I €.'27 


(S3 


negative 

negative 

negative 


Fig 2 (case Skok) — Variation of skin reaction (egg) following irradiation of 
the spleen Treatment vas gnen on Juh 26, 1927 

unproductive cough which lasted from one to two weeks, apparently 
taking tlie place of the asthmatic attacks In patients 29 and 51, in whom 
tins peculiar bronchitis was seen, the subsequent relief from asthma was 
extremely spectacular On reexamination of the chest b} the roentgen 
ra}^ after the treatment however definite changes m the appearance of 
the glands of the hilum were not detected The patients designated as 
“s}'mptom free” were entirely free from the physical signs of asthma 
on frequent reexamination of the lungs In a few cases, hyper- 
resonance of the peicussion note was the only sign encountered 

SKIN TESTS 

In all previous reports on roentgen-ray treatment for asthma, refer- 
ence to skin tests has not been made In this study, as a rule, parallelism 
ws not observed between the diminution in the size of the area sensi- 
tized and the improvement of the patient In some instances however, 
the positive reaction of the patient became negative as he improved 
This change occurred within the first fi-ve or six days following the 
















696 


ARCHIVES OF INTERNAL MEDICINE 


treatment (fig 2 and table 7) A change in the size of the sensitized 
area was not found within the first twenty-four hours In some 
patients, the leaction to the skin tests remained negative foi montlis On 

Table 7 — Recot d of Pet cutaticous Sktn Tests in Case 1 Before and After Treat- 
ment Winch Ji^as Gwen on Jan 20, 1925 


January 16 


January 21— One Day 
After Treatment 


January 26— Six Days 
After lYeatment 


Beef 


Beef 

— 

Beef 

— 

Cliicken 

— 

Chicken 

— 

Chicken 

— 

Milk 

— 

Milk 

— 

Milk 

— 

Eggs 

+ + + 

Egg 


Egg 

— 

Bye 


Eye 

— 

Bye 

— 

Oats 

— 

Oats 

— 

Oats 

— 

Corn 

— 

Corn 

— 

Corn 

— 

Beans 

+ 

Beans 

— 

Beans 

— 

Spinach 

— 

Spinach 

— 

Spinacli 

— 

Tomatoes 

~r 

Tomatoes 

— 

Tomatoes 

— 

Straiv berries 


Strawberries 

— 

Stiawberrics 

— 



Fig 3 (case 17) — Effect of irradiation of the spleen on eosinophiha A indi- 
cates the first and B the second roentgen-ray treatment The patient had one or 
two attacks per week preceding treatment The dotted circle indicates the 
occurrence of the only attack during the period of treatment 

the other hand, a patient (23) in whom a 3 plus lagweed test never 
became negative was freed from asthma and hay-fevei 

EOSINOPHILIA 

Previous observeis (Pohlman, Mueller and others) report a decrease 
m the number of eosinophil cells following the treatment In the 
majority of cases I had the same experience, with the exception, how- 
ever, that within the first one or two days, hypereosinophiha was noted 
(fig 3) When the blood was examined within the first two or three 
hours, I found an inciease in eosinophiha already present The 
eosinophiha reached its highest degree at the time of reaction, and it 
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usually deci eased below its onginal level within the first two or three 
weeks following In patients in whom a high eosinophiha was present, 
a further increase did not take place This is exemplified by case 29 
(fig 4) A lelationship did not exist between the degree of eosinophiha 
before the tieatment and the degree of improvement obtained (table 8) 

Table 8 — Relationship of Efficacy of the Roentgen-Ray Tieatment Ovei the 
Spleen to Eosinophil Count Previous to Tieatment 




Result 




Number of Oases with 

t 

A 

\ 


Percentage of 

Eosinophiha of 

++ 

+ 

— 

Total 

Failures 

0 to 5 per cent 

8 

14 

14 

36 

397 

G to 10 per cent 

7 

G 

13 

26 

50 

11 to 15 per cent 

3 

5 

2 

10 

20 

Above 15 per cent 

— 

1 

— 

1 



18 

26 

29 

73 




Fig 4 (case 29) — Effect of irradiation of the spleen on eosinophiha A indi- 
cates the first exposure, B, the second, and C the third The dotted circles 
indicate the occurrence of attacks of asthma The patient did not have any 
attacks following the third exposure 

COMMENT 

The explanation of these results is difficult, since the knowledge both 
of the relationship of the spleen to allergy and of the etiology of asthma 
itself IS too vague to make any definite conclusion possible Many 
theories aie offered by the various authors Groedel speculates on the 
possibility of stimulating the function of the spleen by the roentgen ray 
He thinks that certain substances might thus be activated to counteiact 
the alleigic state On the basis of this theoiy, Gasul employs diatheimic 
treatment of the spleen as a means of stimulating this organ Gerber 
assumes that destiuction of tissue of the spleen rather than its stimula- 
tion might be the effect of loentgen-ray therapv He holds that the 
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foreign protein cieated by the destroyed tissue of the spleen is respon- 
sible for the relief obtained Such a theory is plausible in view of the 
great improvement acliieved in the treatment of patients with asthma by 
the parenteral use of various foreign protein agents, such as tuberculin 
(van Leeuven and Varekamp vaccine (Brown peptone injections 
(Pasteur Vallery-Radot and many others 

In a previous publication,^^ I showed that the leticulo-endothehal 
s}stem as well as the lymphatic apparatus might be involved in the 
piocess of production of antibodies In both of these systems, the 
spleen pla} s an important role In spite of the extensive research to 
determine the function of the spleen, the question of the relationship of 
these two systems to allerg)'- has not as yet been sufficiently considered 
The outcome of the foregoing studies warrants furthei investigation 
in this mattei 

The question arises as to how much of the impiovement observed in 
these patients is due to psychic influence (Nietzsche, Levy-Dorn 
Since the classical work of Walker,-** the old theor}'^ of “asthma 
nervosum” has been abandoned Recent contributions to literature 
(Ziegler and Elliott®”), however, make it probable that the mental 
status of a peison has at least some bearing on the elicitation and ter- 
mination of asthmatic attacks I attempted to give my patients as 
little encouragement conceining the efficacy of the treatment as possible 
j\Iost of the children were submitted to the treatment with the idea that 
it was “just another test,” and they returned relieved without realizing 
that a treatment had been administered Several children were less than 
2 years of age , among these the possibility of a psychic “cure” can be 
definitel}^ ruled out 

In applying a measure such as roentgen-iay tieatment over the 
abdomen, one should be aware of the fact that theie aie several objec- 
tions, at least theoretically, to such a treatment for a benign disease 
One might speculate on the possibility of exciting a latent cancerous 
growth in the irradiated area Moreover a destruction of the tissue of 
the spleen might cause a permanent change m the blood picture or might 

25 Van Leeu\en, W S, and Varekamp, H Tuberculin Treatment of 
Bronchial Asthma and Ha 3 '-Feier, Lancet 12 1366 (Dec) 1921 

2b Brown G T , and Hunter, A Bacterial Vaccines in Asthma, Am J 
M Sc 171 156 (Jan) 1926 

27 Pasteur Valler 3 ^-Radot and Blamontier Intradermal Injections of Peptone 
in Treatment of Anaph 3 rlactic Diseases, Bull et mem Soc med d hop de Pans 
51 491 (May) 1927 

28 Nietzsche, Levi-Dorn, quoted by Groedel (footnote 4) 

29 Walker, I C Studies on Sensitization on Patients with Bronchial 
Astnma, J M Research 35 487, 497, 509, 1917 

30 Ziegler, L H , and Elliott, D C The Effect of Emotion on Certain Cases 
of Asthma, Am J M Sc 172 860 (Dec ) 1926 
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lower the resistance of the patient against intercurient infections Care- 
ful search has been made for any such occuiTence Although iriadiation 
of tlie spleen has been widel}' employed on the continent since 1921, 
when Stephan advocated its application for controlling hemorrhage, 
adverse sequelae have not been i eported in the hteratui e Harbinson 
f ailed to find any pathologic changes m the blood pictuie in postmoitem 
and clinical studies on rabbits that had recened doses of loentgen ray 
many times larger than those administeied to human beings Further- 
moie, it has been said that the spleen may be lemoved fiom the human 
body without ill effect 

Frequent examinations of the blood weie made m some of the 
patients for three years following the tieatment, and indications of 
pathologic changes in the blood weie not discovered There were, 
however, two occurrences which should not be omitted f i om this i epoi t 
In case 25, the patient remained entirety fiee fiom asthma for one year 
but nephiosis developed thirteen months after the tieatment which 
resulted in death In case 59, the asthmatic condition was impi oved f oi 
ten months, but the patient succumbed to fulminating pneumonia which 
appeared to be tuberculous in origin The death of these children cannot 
be attributed to the treatment, the alleigic disease itself might have 
impaned the resistance of these patients to infection, or, what is moie 
probable, the intercurient events did not bear any lelationship to the 
original condition On account of this expeiience, however, one should 
use discretion in applying this treatment 

SUMMARY 

1 Eighty-one patients with asthma and associated allei gic conditions 
were tieated with small doses of roentgen lay over the spleen Eighteen 
of fift 3 ’’-six childien became symptom-fiee , sixteen veie tempoiaiily 
relieved, and twenty-two did not respond to the treatment Three of 
twenty-five adults became symptom-free , nine wei e temporarily i eheved, 
and thirteen were not improved In other woids, theie were 39 4 pei 
cent failures among the childien and 52 pei cent among the adults The 
patients designated as “symptom-fiee” were under obsen^ation for a 
penod of time var)'-ing between six months and more than three years 

2 Patients less than 4 years of age showed the best results, and the 
treatment in patients more than 30 3 ’-ears of age was less effective 
Patients afflicted simultaneousty with tuberculosis and the chronic 
emph 3 seniatous t 3 ’-pe of asthma did not respond to the treatment In 
cases of infantile eczema and an Iw perti ophying th 3 unus the condition 

31 Stephan, R Blutung und Blutstillung Munchen med Wchnschr 68 746 
(June) 1921 

32 Harbinson, C H The Effect of Roentgen-Raj Energj on the Spleen 
J M Research 67 529, 1924 
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did not improve The best results were seen among the patients with a 
beginning allergic condition manifested by allergic bronchitis Better 
results were obtained among patients with asthma who were sensitive to 
bactena than among those sensitive to food, pollen and emanation 

3 In some patients who improved, the positive skin tests became 
negative within the first week after the tieatment 

4 As a rule, the number of eosinophils increased immediately after 
the treatment and returned to normal subsequently A relationship did 
not exist between the degi ee of eosinophiha preceding the treatment and 
the efficacy of the inadiation of the spleen 

5 Thirty-seven of a total of 169 exposures were followed by reac- 
tions characterized by vomiting, nausea, abdominal pain or an asthmatic 
attack fiom one to five days after the treatment Better results were 
encountered among these patients 

6 The value of the treatment is discussed, and warning is given 
against its mdiscnmmate use The opinion is expressed that it should 
be applied only m cases of allergy'^ in which the patients do not respond 
to the ordinary methods 

After the completion of the foregoing studies, the patients m the 
following additional cases repoited at the clinic following the roentgen- 
ray treatment 

REPORT OF ADDITIONAL CASES 

Case 82 — Skok, a bo}’’, aged 4, gave a history of having had attacks of asthma 
for the past two years, which were promptly brought on by ingestion of eggs 
They were usually associated with vomiting and dry cough and responded to 
treatment with epinephrine Two brothers had eczema, otherwise the family 
history was negative regarding allergy The patient had previously attended the 
clinic for patients with heart diseases, where a diagnosis of congenital pulmonarj 
stenosis was made Aside from these observations, the physical examination 
revealed poor expansion of the lungs, a few asthmatic bruits and silent hyper- 
resonance Skin tests with a large number of extracts were negative, with the 
exception of a 3 plus reaction to the skin test for eggs 

The patient was gnen one roentgen-ra\ treatment over the spleen on July 26, 
1927 Several hours subsequent to the treatment, he had had a slight attack of 
■\omiting The appearance of the skin reaction is given in figure 4 He developed 
a dry, convulsive cough on August 2, which lasted until Aug 26, 1927 With the 
exception of a slight attack of wheezing on November 25, which his mother 
attributed to an infection of the upper respiratory tract, he has been free from 
attacks and has been able to eat eggs without discomfort 

He was last seen on Feb 3, 1928, when the skin test for egg was negative 

Case 83 — Beb, a boy, aged 3, presented a history of having had severe 
asthmatic attacks for the past two years They were often preceded by colds 
and were inevitably elicited by eating apples The mother’s cousin and great 
grandmother had had asthma True asthmatic attacks were demonstrated on 
several occasions when the child ate apples in the clinic The physical examination 
made during an attack revealed the typical signs of asthma, the attacks were 
relieved by treatment with epinephrine A series of intradermal skin tests 
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revealed reaction with apples, 2 plus, and Staphylococcus auieus, 1 plus There 
was an eosinophiha of S per cent 

The roentgenogram of the chest revealed some hypertrophy of the hilum 
glands There was no evidence of tuberculosis, thymus hypertrophy and 
bronchiectasis 

The child was given two roentgen-ray treatments on Nov 1, 1926, and on 
December 7 On December 9, the blood count showed 16 per cent eosinophils 
At this time, the child was slightly dyspneic He has never had another attack 
since On May 3, 1927, the eosinophil count was 1 per cent, the skin tests were 
negative and the child could eat apples without distress Owing to the fact that 
he suffered from a cough which appeared to be an allergic bronchitis, however, 
the patient was given another treatment on May 24, 1927 This treatment did 
not elicit a reaction 

On Feb 24, 1928, the mother said that the boy had never had another attack 
of asthma He rarely has colds noAv The results of physical examination were 
negative 

Case 84 — La Fr, a boy, aged y'ears, had had bronchial asthma for two 
years The attacks occurred every third or fourth week Several members of the 
mother’s family had suffered from asthma, hay-fever and eczema During the 
first year of his life, he had frequent convulsions, which the mother attributed to 
the ingestion of eggs She also said that the odor of mustard nauseated him and 
that once, after a mustard plaster was put on his chest, he had a severe seizure 
of urticaria When first examined on Sept 23, 1927, there was a papulous 
exanthem distributed over the buttocks The skin tests revealed sensitiveness to 
eggs, cheese, peas, mustard, black pepper, timothy and Bermuda grass An 
eosinophiha of 5 per cent was present The nose and throat clinic reported 
congestion of the turbinate on both sides The examination of the chest, which 
was made during an interval between attacks, showed slight hyperresonance The 
asucultation was normal The patient received one roentgen-ray treatment over the 
spleen on October 11 The following day, marked eczema developed over the 
irradiated area, which had tlius far been normal m appearance. The condition 
on the skin disappeared after two days On March 3, 1928, the mother reported 
that the child had been feeling much better, and that he had had only one slight 
attack, vhich occurred in November He could eat eggs and was no longer 
affected by the odor of mustard The skin had been clear since the iieatment 

Case 85 — New, a girl, aged 7, had had attacks of asthma for three yeais 
They were usually brought on by damp weather, and always occurred when the 
child approached the furnace in the basement The family history was negative 
regarding allergy 

The examination, which was made during the interval between attacks, revealed 
marked pharyngitis, several enlarged submaxillary glands and chronic maxillary 
sinusitis This diagnosis was confirmed by a consultation with a specialist on 
diseases of the nose and throat The chest was normal, but the roentgenogram 
showed a marked bilateral tracheobronchial adenopath} There was no evidence 
of enlargement of the thymus The skin tests were negative , however, a former 
examination at another institution had revealed sensitneness to dog hair, cat hair 
and goose feathers There was an eosinophiha of 2 per cent The patient was 
given roentgen-ra} treatment over the spleen on No\ 22, 1927 The following 
day the child developed a slight attack of asthma On March 12 1928, she was 
reexamined She has not had any attacks since the treatment 
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COARCTATION OF THE AORTA- 
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Coarctation of the aorta signifies a constriction of the aorta in the 
region of its juncture with the ductus arteriosus or its vestige The 
term, congenital stenosis of the isthmus, is also employed The advan- 
tage of this term is that it is, as ICing ^ has remarked, more easity under- 
stood b} persons who do not lead English readil} The disadvantages 
outweigh this, for the term is clumsi and subject to ambiguous abbrevia- 
tion Many authors haie maintained that the condition de%elops after 
birth The anatomic isthmus is that part of the aorta between the origin 
of the left subclavian and the mouth of the ductus arteriosus , this defini- 
tion excludes the large number of cases reported in nhich the constric- 
tion is distal to the insertion of the ligamentum arteriosum However, 
in 1839, Mercier- ivrote “coarctation” m French, ten }ears later Dies- 
tenveg,^ “coarctatio ’ in Latin, and the English word coaictation has an 
honorable historv of fift}-two \ears 

According to Bane and others, the first case definitely described was 
recorded b} Pans in 1791 An idea as to the incidence of coarctation 
may be gained from the statistics of a large number of necropsies 
If conclusions maj be drawm from the figures in table 1, coarctation 
occurs once in about 1,550 cases Of about 200 cases in adults already 
reported, onh nineteen weie definitel} recognized during life, although 
obstruction of the thoracic aorta w'as diagnosed in six additional 
instances These facts can mean only that the anomah is frequently 
oierlooked or unrecognized 

Abridgment of thesis submitted to the Facultj of the Graduate School of 
the Unnersih of Alinnesota m partial fulfillment of the requirements for the 
degree of Master of Science in Medicine, December, 1927 

1 King, J T, Jr Stenosis of the Isthmus (Coarctation) of the Aorta and 
Its Diagnosis During Life, Arch Int Med 38 69 (Juh) 1926 

2 Alercier, A Retrecissement a\ec obliteration presque complete de la por- 
tion thoracique de I’aorta, Bull et mem Soc anat de Pans 14 158, 1839 

3 Diesterueg, C A De aortae obhteratione singular! modo iniolutionis 
ductus artenosi Botalli periecta Berolmi, G Schrade, 1849, p 40 

4 Bane, E Du retrecissement congenital de 1 aorte descendante, Rev med 
6 342-366, 409-442 501-516, 1886 
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DEVELOPMENT 

A discussion of this subject can be made inoie intelligible tbiough an 
epitome of the early development of the vascular system At the 3 mm 
stage, two aortas leave the aortic sac and are continued caudad thiough 
the first pair of branchial arches as the dorsal aortas, which communicate 
with the placenta The first arches are mooied by the first pharyngeal 
pouches, and the dispioportionate growth of the adjacent structuies 
demands a moie direct communication between the heart and the dorsal 
aortas, thus the fusion of sprouts from the aortic sac and from the 
paired aoitas form the successive branchial arches, as the fiist two pan 
disappeai Meanwhile through expansion and growth, fusion of the 
dorsal aortas piogressing cephalad has begun The pulmonary arch on 
each side arises from the caudal wall of the aortic sac, and it may open 
into the aorta at a distinct interval from the fourth arch, close to it, or 
AVlth it (fig 1) 


Table 1 — Coa) ctation Revealed at Nceiopsy as Repotted m the Litetatnre 


Loehte ^ 

4 in 10,000 (approMinatelj) 

Fawcett ® 

IS m 22,Sie 

TalTe and Sternberg " 

1 m 4,500 

Meixner « 

1C m 21,4S1 

Hansteen ® 

4 in 10,000 (approMimtelj) 

Ophuls 

1 in S,000 

Total 

44 in CS,300 (approMinatelj) 


At this period the seventh cervical segmental arteries, which will 
largely form the subclavians, spring from the dorsal aspect of the 
unpaired aorta Apparently because its largest branch, the vertebral, is 
fixed by the cervical vertebrae, each subclavian moves cephalad on to its 
respective dorsal aorta and ascends it when the aortas are pulled caudad 

5 Lochte, quoted by Reinitz Ueber congenitale Stenose und Obliteration 
am Isthmus aortae, Kiel, Schmidt und Klaunig, 1908 

6 Fawcett, J Coarctation of the Aorta as Illustrated bj'^ Cases from the 
Postmortem Records of Gui’s Hospital from 1826-1902, Guy’s Hosp Rep 59 1, 
1905 

7 Jaffe, R H , and Sternberg, Herman Kriegspathologische Erfahrungen, 
Virchows Arch f path Anat 231 346, 1921 

8 Meixner, Karl Berstung der aufsteigenden Korperschlagader bei Ver- 
schluss am Ende des Bogens, Beitr z gerichtl Med 5 72, 1922 

9 Hansteen, E H Medf^dt aorta-stenose, Norsk Mag f Laegevidensk 
86 1073 (Oct) 1925 

10 Ophuls, W A Statistical Survey of Three Thousand Autopsies from 
the Department of Pathology of the Stanford University IMedical School, Univ 
Ser Med Sc , Palo Alto 1 131, 1926 

11 Congdon, E D Transformation of the Aortic- Arch Sjstem During the 
Development of the Human Embr}^, Contrib Embr 3 ’ol , Carneg Inst , Wash- 
ington 14 47, 1922 
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3th the descent of the heart mto the thorax , it 3S not until the end of 
the seventh AAeek (18 mm stage) that the left subclaMan reaches its 
defimt3% e position close to the origin of the left common carotid By the 
l-t mm stage ho\'\e\er, the aortic sac has been dnided into the definitne 
aorta and pulmonar}' trunk, and the breaking up of the branchial arch 
s}stem is no^\ effected lapidh", prmcipall} by atroph} of four parts of 
the \ ascular s\ stem the segment of each dorsal aorta betu een the third 
and fourth arches the caudal end of the right paired aorta, and the distal 
part of the right pulmonar} arch Congdon attributes these interrup- 
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Fig 1 — The development of the aortic-arch, drawn from reconstructions 
(After Congdon ) 


tions to reduction of the blood-floA\ through the affected segments In 
specimens studied b} him, he described the changes as follows 

The fourth arch region, which was at the summit of the forming definitne 
arch, sinks to the descending limb, and the region of the left common carotid, 
now shared b} the innominate, comes to constitute the entire summit The region 
of the arch denied from the fourth arch increases rapidly in diameter to reach 
in cross-section an approximate equaliti with the more proximal and distal parts 
derived from vessels which are alreadj capacious at the beginning of the branchial 
period 
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The fourth aicli is, howcAei, usualty considered to have been the 
primoi ditim of the isthmus 

The inteiventiiculai septum is completed by the end of the second 
month and no fuither radical change takes place in the cardiovascular sys- 
tem until the obliteration of the ductus aiteriosus aftei biith In 1826, 
Kihan hist announced that this was effected thiough the change in 
blood pressure due to the expansion of the lungs In 1852, Rokitansky 
stated that the ductus was obhteiated thiough an une\en piohferation 
of the Ultima Schaeftei and Radasch lecently coiioboiated this, and 
attribute it to the atiophy of disuse, as is found in othei parts of the 
bod}" Walkhoff^^ and Langei showed that fibeis from the ductus 
do not normally extend into the walls of the aorta, Baitels interpieted 
this to mean that they neiei do 

PATHOGENESIS 

Reynaud (1828) considered coaictation a peisistence of the fetal 
state in some way influenced by the involution of the ductus 
Rokitanslc}'- (1852) was in essential agieement In 1887, Longa 
maintained that the ductus aiteriosus did not play a part in the 
pathogenesis, and that the anomaly could be traced back to intra- 
uterine life, the differing pathologic types coi responding to the differing 
periods at which the lesion began Dickinson and Fenton,^° Minkowski,-^ 
Monckeberg -- and Meixner ® believe it is of developmental origin 
Meixner considers the athei osclerotic changes so often found in the aoita 
usually proximal but sometimes just distal to the stenosis owing to the 

12 Kihan, quoted by Klotz Tr A Am Phys 22 213, 1907 

13 Rokitansky, quoted by Bane (footnote 4) , by Bonnet Rev de med 
1903, vol 23, by Klotz (footnote 12) , bj Sankott Anat Anz 48 261, 273, 1915 

14 Schaeffer, J P , and Radasch, H E On the Obliteration of the Lumen 
of Blood Vessels , the Origin and Nature of the Mass which Comes to Occupy the 
Lumen of an Artery Segment Between Two Ligatures, Am J Anat 33 219, 1924 

15 Walkhoff, quoted by Knierim Ein Fall von Stenose der Aorta in der 
Gegend der Insertion des ligamentum arteriosum, Marburg, 1880, p 1 , by Bartels 
Hospitalstid 5 1549, 1912 

16 Langer, quoted by Knierim and by Bartels (footnote 15) 

17 Bartels, CD Et tilfaelde af stenosis aortae congenita, Hospitalstid 5 
1549, 1912 

18 Reynaud, quoted by Knierim (footnote IS, first reference) , Bane (foot- 
note 4) , Bonnet (footnote 13, second reference) and others 

19 Longa, G Stenosi ed obliterazione congenita dell’ aorta, Riv clin di 
Bologna 7 529, 1887 

20 Dickinson, W L , and Fenton, W J A Case of Complete Coarctation of 
the Arch of the Aorta, Necropsy, Lancet 2 1196, 1900 

21 Minkowski, Oscar Em Fall von Stenose der Aorta an der Einmun- 
dungsstelle des Ductus Botalli (isthmus aortae persistens), Munchen med 
Wchnschr 48 1335, 1901 

22 Monckeberg, quoted by Lutzow-Holm Norsk klag f Laegevidensk 
86 1066 (Oct) 1925 
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overdistention of the vessel, which expenences a tug at each fixed point, 
such as the origin of the intercostals, but especially at the insertion of 
the ligainentum ai tenosum 

The prenatal development of coarctation m all cases has never been 
univei sally accepted Kaufmann,-® Zenoni -■* and otheis attiibute it in 
some cases at least to the propagation of an inflammatoiy piocess m the 
ductus botalli to the walls of the aorta In 1844, Hamernjk^® observed 
that the constiiction might be proximal to, at the site of, or distal to, the 
aortic opening of the ductus aitenosus, and accordingly divided these 
cases into thiee types, he accepted Reynaud’s theory for the first, but 
seems to have supposed that prolongation of the thiombus hypothesized 
in the closure of the ductus Avas lesponsible foi the othei two forms In 
1855, Skoda -® argued that fibeis fiom the ductus extended into the aortic 
wall, and that these fibers contracted with the contraction of the ductus 
in the process of its obliteration In 1900, Schlesinger revived the 
theories of both Reynaud and Skoda Three years later. Bonnet*® 
elaborated these two hypotheses In fact, according to Bonnet, con- 
striction of the aorta pioximal to the mouth of the ductus arteriosus' 
dates from mtia-uteime life and, if not a transient persistence of the 
normal fetal state, is incompatible with life for moie than a biief period 
On the othei hand, constiiction at oi distal to the ductus he explains by 
Skoda’s theory, and finds it devoid of influence on the health or longevity 
of the person except that it ma}'- predispose to endocarditis He called 
these, respectively, the infantile (“type du nouveau-ne”) and the adult 
types Abbott oftered this explanation in 1927 

It has been intimated seveial times ®‘’ that syphilis may cause coarcta- 
tion, but striking aiguments have not been adduced m support of the 
theory 


23 Kaufmann, Eduard Lehrbuch der speziellen pathologischen Anatomie, 
ed 8, Berlin, Georg Reimer, 1922, vol 1, pp 69-70 

24 Zenoni, C Occlusione completa dell’ aorta discendenta, Arch per le sc 
med 35 1, 1911 

25 Hamernjk, quoted Diesterweg (footnote 3) , by ICnierim (footnote 15, 
first reference) and others 

26 Skoda, quoted bj Knienm (footnote 15, first reference) , by Bane (foot- 
note 4) , bj' Bonnet Rev de med , 1913, vol 23, and by others 

27 Schlesinger, Hermann Stenosis of the Aorta Near the Duct of Botalh, 
Internat Clin 4 140, 1900 

28 Bonnet, L M Sur la lesion dite stenose congenitale de I’aorte dans la 
region de I’lsthme, Rev de med 23 108-126, 255-265, 335-353, 418-438, 481-502, 
1903 

29 Abbott, M E Coarctation of the Aorta Hypoplasia of the Aorta and 
Its Branches, Anomalies of the Aortic Arch, in Osier and McCrae, Modern Medi- 
cine, ed 3 , Philadelphia, Lea & Febiger, 1927, vol 4, pp 772-794 

30 Edelmann, A , and Maron, R Die Isthmusstenose der Aorta und ihre 
Differentialediagnose, Wien Arch f inn Med 4 1 (April) 1922 Koster and 
Forselius Fall af total stenos i aorta, Hygeia 77 935, 1915 
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PATHOLOGY 

Bonnet’s division into the infantile and adult types simplifies dis- 
cussion of the patholog}- of coarctation As found in fetuses, stillborn 
and young infants, coarctation is usually a diffuse narrowing of the 
isthmus of the aoita, but this segment may be represented by a fibrous 
cord or be altogether lacking The ductus is patent in almost inverse 
ratio to the lumen of the isthmus, and where the latter is atresic, the 
pulmonary tiunk is continued with undimimshed diameter into the 
descending aorta With one exception,® there is no collateral circulation 
Grave developmental defects of the cardiovascular system m other parts 
of the body are common 

The aorta in the case of adults (and occasionally of infants dying 
from othei causes) appeals as though it had been more or less tightly 
ligated at or just distal to the ductus arteriosus, which is usually distal 
to the origin of the left subclavian but is in a few cases proximal The 
ductus, which IS usually obliterated, fixes the contiguous part of the 
aortic wall and may even appear to draw it toward the heart Exceptions 
to this general type occur The heart may be normal in every way, 
developmental anomalies other than bicuspid aortic valves are compara- 
tively rare Hypertiophy is present in about three fourths of the cases, 
but is associated in some of these with valvular disease, which may have 
caused the hypertroph)’- The ascending aorta is often dilated to a vary- 
ing degiee and may be the seat of aneurysm, and sometimes there is an 
aneurysm distal to the stenosis, lupture is not infiequent The aortic 
wall IS at times thicker than normal, but usually is thinner The inner 
surface may be noimal, or it may show any degree of arteriosclerosis, 
sometimes with extensive calcification Syphilitic change is infrequent 
In some cases, there is slight gradual diminution of the caliber of the 
aich proximal to the lesion, m others, it remains unchanged up to the 
zone of stenosis In a few instances, there appears to have been a 
double constriction The degree of narrowing varies up to obliteration, 
and there is no characteristic picture of the inner aspect of the stenotic 
zone When atresia is found, the mtima lining the two blind sacs may 
appeal normal, the occlusion may involve only the inner coats of the 
aorta, but more often the whole wall is apparently included When a 
membranous wall stretches across the lumen, it may be perforated 
The intima lining the sharply defined stricture may appear normal, but 
atheromatous change and even calcification, as well as scar tissue in the 
wall, have been found here The descending aorta is often dilated just 
beyond the constriction, and it may return to its normal size distally; 
but more often it is somewhat smaller, probably on account of reduced 
blood pressure In twenty cases, the whole aorta was hypoplastic Just 
below the stenosis, there may be a variable degree of arteriosclerosis. 
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but moie often the inner surface is clean Bacterial endocarditis is com- 
mon and sometimes associated with it is aortitis, which may be localized 
to the area of stenosis or just beyond Except for aneurysms, especially 
of the cerebral arteries, which Turnbull has shown are of develop- 
mental origin m nonsyphihtic young persons, othei significant anomalies 
of the vascular system are rare, and defects of importance elsewhere 
e-^en rarei 

A few cases of the infantile t>pe have been reported in young chil- 
dren and e\en in older ones, but such subjects ha\e usually been chronic 
ln^ alids The site of the stenosis has also been reported proximal to the 
hgamentum arteriosum m the instance of one robust adult “■ 

The collateral circulation is carried on chiefl)- through the anasto- 
moses between branches of the subclavians and the aortic intercostals , 
the epigastric arteries sometimes contribute Although the internal 
mammaries are of great importance as collateral channels and m some 
cases, notabl} those of Weber,^® and Josefson,^^ seemed to have been the 
onl}' dilated arteries, of others it has been remarked that they were not 
especiall}’’ enlarged Clinically, the enormous size of the artery along 
the A ertebral border of each scapula is significant 

Microscopic stud} of the stenosed aiea itself has revealed little 
besides connective tissue Reinitz found the muscular and elastic 
layers of the aorta intact in two cases The most thorough microscopic 
studies of the wall of the aorta have been made m cases of its rupture 
Bronson and Sutherland,^® Smith and Targett,®' Bumke,®® Oberndorfer,®® 
Franckel'*® (two cases). Sella (two cases), Meixner® (four cases) 
and Binder belle^ e that diminution of elastica with replacement by 

31 Turnbull, H Alterations in Arterial Structure and their Relations to 

Sjphilis, Quart J Med 8 201, 1915 

32 Knierim, H P Ein Fall von Stenose der Aorta in der Gegend der Inser- 
tion des hgamentum arteriosum, Marburg, 1880, p 1 

33 Weber, F P Stenosis (co-arctation) of the Aortic Isthmus, with Sudden 
Death from Rupture of a Cerebral Aneurysm, Proc Roy Soc Med (Sect Med ) 
20 29 (June) 1927 

34 Josefson, A Stenos i isthmus aortae, Hjgiea 3 131, 1903 

35 Reinitz, O Ueber congenitale Stenose und Obliteration am Isthmus 
aortae, Kiel, Schmidt & Klaunig, 1908 

36 Bronson, F , and Sutherland, G A Ruptured Aortic Aneurysms in 
Childhood, with the Report of a Case Brit J Child Dis 15 241, 1918 

37 Smith, F J , and Targett, J H Aneurj^sm of the Aorta in a Boy Aged 
Nine Years, Tr Path Soc London 48 53, 1896-1897 

38 Bumke, quoted by Meixner (footnote 8) , by Abbott (footnote 29) 

39 Obemdorfer, quoted b> Meixner (footnote 8) 

40 Franckel, P Praparate ion spontanen Aortenrupturen, Berl khn Wchn- 
schr 1 795, 1913 

41 Sella, quoted by Meixner (footnote 8) and by others 

42 Bmder, A Zur Kasuistik der sogenannten Spontanenruptur der Aorta 
ascendens, Med Klin 15 1091, 1919 
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•connecti-ve tissue is the essential featuie Oppenheim/^ on the othei 
hand, considered the aoi ta in his case essentially noi mal both grossly and 
histologically Judging by expeiiments and obseivation at necropsies on \ 
aviators fallen from gieat heights, he believes that spontaneous ruptuie \ 
of a noimal aoita may occur from a sudden mciease m piessuie in the \ 
region of the gieatest sti etching of the wall and of highest pressuie, ^ 
that IS, of the undei suiface of the aich These divergent views may j 
be reconciled thiough the woik of Tuinbull,®^ who has found in the 1 i 
aortas of young persons without syphilis or abnoimally high blood pres- \ 
suie occasional aieas of focal degeneiation in the media apparently V' 
oiiginating in the luptuie of the elastica The initial bieak was pie- 
sumably due to piessuie, especially since such aieas aie found at the 
site of complete luptuie independent of inflammation oi degeneiation 
He believes the development of the aoita m such cases is lelativety oi 
absolutely insufficient 

Constiiction of the aoita beyond the usual site has been leported by 
Schlesinger,^^ Quain,'*'^ Powei and Latile Roussy and L’Hermitte 
have leported a case of thiombosis of the aorta distal to the lenal 
arteries, which did not lesult fatally, the diagnosis was latei coriob- 
orated at necropsy Achard, Leblanc and Rouillard found lepoits 
of only two such cases The diagnosis m one case was puiely clinical, 
and study of the oiiginal article suggests that it may have been coaicta- 
tion , the other i eport was not available 

DIAGNOSIS 

Coarctation of the infantile type has been diagnosed only once (in a 
child, aged 3) It is of little practical importance that it should be 
diagnosed, since such patients are doomed to an early death Coarcta- 
tion of the adult type has been diagnosed clinically in four childien 

43 Oppenheim, Franz Gibt es eine Spontanenruptur des gesunden Aorta mid 
wie kommt sie zustande^ Munchen med Wchnschr 45 1234, 1918 

44 Schlesinger, quoted by Erman Berl klm Wchnschr 10 217, 1873 

45 Quain, R Partial Contraction of the Abdominal Aorta, Tr Path Soc 
London 1 244, 1848-1850 

46 Power, quoted by Bonnet (footnote 28) 

47 Latile Atherome et obliteration partielle de I’aorte, bruit de galop, mort 
•par asystolie. Bull et mem Soc anat de Pans 3 40, 1878 

48 Roussy and I’Hermitte, quoted by Aubertin M Press & Circ 124 221, 
1927 

49 Achard, C , Lebanc, A , and Rouillard, J Trois cas d’obliteration de 
I’aorta, Bull et mem Soc med d hop de Pans 44 903, 1920 

50 Carpenter, George On Congenital Heart Affections, Especially in Relation 
■to the Diagnosis of Various Malformations, Proc Roy Soc Med 2 275, 1908-1909 

51 Carpenter (footnote 50) Ciaglmski, K Przjpadek wrodzonego zwczenia 
aorty, Gaz lek 14 740, 1894 Hochsinger, quoted by Bonnet (footnote 28) , by 
Lommel Med Klm 15 892, 1919 Weigert, R Ueber einen Fall von ange- 
korener Stenose der Aorta an der Emmundung des Ductus arteriosus Botalli, 
Allg med Centr-Ztg 74 * 1 , 1905 
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In 1835 Legrand and in 1839 Mercier - diagnosed an obstruction 
to the thoracic aorta, but Oppolzer ^yas the first to make a diagnosis 
of coarctation at the site of election , he did this twice and saw the diag- 
nosis verified post moitem both times Little or nothing has been added 
to Oppolzer’s diagnostic criteria 

In the clinical diagnosis of coarctation, precordial murmurs are of 
little consequence, as they are sometimes absent , they may be caused by 
superimposed endocarditis, and, finally, the} have been described m such 
a variety of terms that nothing pathognomonic can be deduced The 
murmur m the interscapular space, more often to the left of the vertebral 
column, is of greater importance Oppolzer attributed this to the stream 
of blood rushing through the greatly enlarged superior intercostal arter}’^ 
(mtercostahs suprema^AValshe, according to Dickinson and Fenton,”*^ 
attributed it to blood passing through the stenosed area, and thought that 
Its absence would pro\e atresia The data are insufficient to determine 
this point A murmur m the same position may be caused by a patent 
ductus arteriosus, but distinguishing the two conditions, unless assoa- 
ated, should not cause trouble"^ The presence of enlarged superficial 
arteries of the neck and thorax (especiall} of the dorsal scapulars), over 
all of which bruits and thrills may be heard, is usually the outstanding 
feature However, m 1920 Woltmanand Shelden diagnosed the condi- 
tion on the basis of absence of pulsation m the abdominal aorta and 
femorals More recently in one of his cases Laubry venfied post 
mortem the diagnosis made on such grounds , he behe^ es that marked 
disproportion in the blood pressure of the brachial and femoral arteries 
IS enough basis for the diagnosis The blood pressure in the arm is 
often elevated, and in most cases the pulse pressure is also high The 
electrocardiograph does not show an} impoitant or constant change, as 
Heynsius van den Berg,®° King ^ and others have remarked Roent- 
genologic examination of the thorax is of -value in excluding aneurysm, 
which has been the most common erroneous diagnosis, but the presence 
of aneurysm does not exclude coarctation The roentgenogram is also 
of some value in excluding intrathoracic neoplasm However, I have 
been able to find but one case in which such a tumoi caused collateral 

52 Legrand, quoted by Bane (footnote 4) 

53 Oppolzer, quoted by Diesterweg (footnote 3) , by Bane (footnote 4) 

54 Woltman, H W , and Shelden, W D Neurologic Complications Asso- 
ciated with Congenital Stenosis of the Isthmus of the Aorta a Case of Cerebral 
Aneurysm with Rupture and a Case of Intermittent Lameness Presumablj’- 
Related to Stenosis of the Isthmus, Arch Neurol & Psychiat 17 303 (March) 
1927 

55 Laubry, Charles Discussion in Bull et mem Soc med d hop de Pans 
50 1725, 1926 

56 Van den Berg, M R H Stenosis Isthmi Aortae, Nederl Tijdschr v. 
Geneesk 2 773, 1911 

57 Seed, Lindon Personal communication from the author 
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circulation, and in one instance® of modeiate stenosis a sarcoma of the 
mediastinum was associated Longa advanced the original idea that 
exophthalmic goitei must be consideied in the diffeiential diagnosis on 
account of the bruits and thrills in the neck, but heretofore this point 
has not been emphasized 

When cardiac failure has been the most prominent factoi, coaictation 
has been thought of a few times but discaided because evidence of col- 
lateial circulation was not found , however in most of these cases, aortic 
aneurysm has been diagnosed In a number of instances, subacute bac- 
terial endocaiditis has ovei shadowed the pictuie .Some persons with 
this abnoimity have died suddenly oi fiom causes not i elated to the 
cardiovasculai system 

COARCTATION DIAGNOSED DURING LIFE 

The clinical diagnosis of coaictation has been reported twenty-two 
times accoiding to Baiie,^ Bonnet,®® Hiischfeldei,®® Meixner ® and 
King^ In addition, the following authois have lepoited the clinical 
diagnosis of coarctation on thoioughly adequate giounds Babonneix, 
Ouiy and Widiez,®® S D Blackford,®® Biown,®^ Deneke,®® Edelmann 
and Maron,®® van den Beig,*’® King (fi^e cases),®® Kovesi m addi- 
tion to the case examined at neciopsy), Laboulbene and Claisse,®’’' 
Laubry (two cases), Lommel,®® Oppenheimer,®' Paisons-Smith,®® 
Pel,®® Pilod and HugonotJ® Reichel/^ Schlesingei ,® " Stalling,"® Stuis- 

58 Hirschfelder, A D Diseases of the Heart and Aorta, Philadelphia, J B 
Lippincott Company, 1918, p 556 

59 Babonneix, L, Oury and Widiez Retrecissement congenital de I’aorte et 
syndrome hemogemque. Bull et mem Soc med d hop de Pans 51 866 (June 16) 
1927 

60 Blackford, S D Personal demonstration 

61 Brown, Alexander Congenital Stenosis of the Aorta, Lancet 1 1719, 1912 

62 Deneke, Theodor Zur Klmik der Isthmusstenose der Aorta, Virchows 
Arch f path Anat 254 336, 1925 

63 King, J T, Jr Clinical Aspects of Congenital Anomalies of the Aorta, 
Am Heart J 2 144 (July) 1926, also footnote 1 

64 Kovesi, G Stenosis Isthmus Aortae, Orvosi hetil 1 1055, 1906 

65 Laboulbene, A , and Claisse, P Retrecissement congenital de I’aorte 
clescendante, a sa partie superieure, vers rabouchement du canal arteriel, Bull et 
mem Soc med d hop de Pans 7 945, 1890 

66 Lommel, F Ueber Stenose des Aortenisthmus, Med Klin 15 892, 1919 

67 Oppenheimer, B S Personal communication from the author 

68 Parsons-Smith, B T Case of Congenital Aortic Atresia, Proc Roy Soc 
Med 14 73, 1921 

69 Pel Isthmus stenose, Nederl Tijdschr v Geneesk 1 2032, 1908 

70 Pilod and Hugonot Double retrecissement congenital de I’aorte a son 
origme et au mveau de I’lsthme, Bull et mem Soc med d hop de Pans 
1 1719, 1926 
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berg/® Langmead, Weber and Gossage/^ Webei and Price'® and 
Werley/® Coarctation has therefoie been believed to be present, although 
not verified by necropsy, at least fifty times Pilod and Hugonot did not 
find evidence of collateral circulation ovei the thorax In the case 
leported by Weber and Puce, the patient died fiom external lupture of 
an aneurysm of the right subclavian artery A definite history of inter- 
mittent claudication was given in Heynsius van den Berg’s case, and m 
one of King’s, Paisons-Smith’s patient had “a functional incapacity of 
the lower limbs, especially noticeable aftei lesting ” Cramps m the legs 
were not common Edelmann and Mai on’s patient had muscular arms 
but pooily developed legs Some Itypertiophy of the heart was found 
1 oentgenologically m five cases,'' roentgenologic examination of the 
heart was negative in five'® The electrocaidiogiam was essentially 
negative in eight cases The stenosis was considered proximal to the 
oiigm of the left subclawan artery by Blown, Deneke and Stuisberg 
Coarctation has been definitely diagnosed m life and verified post 
moitem nineteen times, a tentative diagnosis was made twice,®’^ and 
an obstruction of the thoiacic aoita was diagnosed six times 

71 Reichel, O Em Fall von Isthmusstenose der Aorta, Allg Wien med 
7tg 46 268, 1901 

72 Starling, H J Coarctation of the Aorta, Lancet 1 1317, 1920 

73 Stursberg, H Splwgmographische Befunde bei Verengerung der Aorta 
am Isthmus, Deutsches Arch f klm Med 107 33, 1912 

74 Langmead, Frederick A Case of Thoracic Aneurjsm Not Connected with 
the Aorta, Proc Roy Soc Med 5 194, 1912 , discussion by F P Weber Gossage^ 
A M Case of Coarctation of the Aorta, Proc Roy Soc Med 6 1, 1912 

75 Weber, F P , and Price, F W Coarctation of the Aorta in an Adult 

vith Death Due to Rupture of an Aneurvsm in the Neck, Lancet 2 692, 1912 

76 Werley, G Aortic Hypoplasia and Isthmus Stenosis Case Reports, 
Texas State J Med 23 285 (Aug ) 1927 

77 Deneke (footnote 62) Edelmann and Maron (footnote 30, first reference) 
Van den Berg (footnote 56) King (footnote 63) Pilod and Hugonot (foot- 
note 70) 

78 King (footnote 1) Starling (footnote 72) Werley (footnote 76) 

79 Deneke (footnote 62) Van den Berg (footnote 56) King (footnotes 1 
and 63) Parsons-Smith (footnote 68) Pilod and Hugonot (footnote 70) 

SO Abbott (footnote 29) Bahn, Karl Ueber isolierte Dextrocardie mit 
Isthmusstenose der Aorta und Endocarditis lenta, Deutsches Arch f klm Med 
166 297 (March) 1925 Bane (footnote 4) Bonnet (footnote 28) Gossage, 
A M Coarctation of the Aorta, Proc Roy Soc Med 2 210, 1909 Laubry 
(footnote 55) Maixner, Emench Vrorene suzeni srdecnice poblize provodu 
Bottalova Suzeni otvoru tepenneho leveho, nedomykavost chlopni mesicitych 
aorty a dvo]ipo\e, Cas lek cesk 17 201, 209, 1878 Umber Aortenstenose 
und Isthmusenge der Aorta, Munchen med Wchnschr 53 96, 1906 Wein- 
berger, Maximilian Isthmusstenose der Aorta, kombiniert mit offenen 
Foramen ovale, Deutsche med Wchnschr 35 512, 1909, Weitere Beitrage zur 
Radiographic der Brustorgane, Med Klm 4 584, 1908 
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CASES OF COARCTATION AS FOUND IN TFIE INFANT 

AT NECROPSY 

This senes, which does not include repoits absti acted by Bane, 
Bonnet, or Abbott may be presented most convenientlv in two groups 
Group 1 includes uncomplicated examples of the infantile type, m 
which the aorta is narrowed between the origin of the left subclavian 
and the mouth of the ductus ai teriosus , the ductus is patent and supplies 
vaiying amounts of blood to the descending aorta Cases have been 
leported by Audiy,®^ Borissowa,®^ Carpenter (two cases),®' Cautley,®*^ 
Essard,®' Gibert,®® Hoche and Morlot,®° Holt,”° Kohsko,®^ Meixner,® 
Morlot and Veimehn,®^ Nagel,'’® Sankott and Stiassmann (two 
cases) One subject died®’ from diphtheiia at the age of 18 months,- 
another from®'’ bacteiial endocarditis at 3 years, the remaining thiiteen 
died in less than one year, bronchopneumonia being the terminal event m 
SIX In six cases, the family histoiy was said not to be significant, and 
the infant was born at full term Cyanosis was mentioned as piesent 
m three cases and absent in six Imperfect closure of the mterauncular 

81 Josefson (footnote 34) Knierim (footnote 32) 

82 Abbott, M E Coarctation of the Aorta, Am Heart J , to be published 

83 Audry, J Retrecissement de risthme de I’aorte chez un nouveau-ne, Lyon 
nicd 106 161, 1906 

84 Borissowa, A P Zwei Falle von Stenosis isthmi aortae, liTedizinskoje 
Obozrenige, Kxiv, no 13, abstr , Zentralb! f allg Path u path Anat 22 379, 
1911 

85 Carpenter, George Three Cases of Congenital Heart Disease, Brit J 
Child Dis 5 396, 1908 

86 Cautley, E Two Specimens of Congenital Heart Disease (1) Stenosis 
of the Isthmus Aortae with Patent Ductus Arteriosus and Patent Interventricular 
Septum, Proc Roy Soc Med 2 34, 1908-1909 

87 Essard Malformation congemtale de I’aorte, Lyon med 108 1034, 1907 

88 Gibert Distribution anormalc des arteres aorte et pulmonairc. Bull et 
mem Soc anat de Pans 14 203, 1839 

89 Hoche, L, and Morlot, R Un cas de stenose congemtale de I’aorte chez 
un nouveau-ne. Bull et mem Soc anat de Pans 91 91, 1921 

90 Holt, L E Malformation of the Heart, Open Foramen Ovale and Ductus 
Arteriosus, Stenosis of Aorta, Hypertrophy of Both Ventricles, New York M J 
39 335, 1884 

91 Kolisko, quoted b> Meixner (footnote 8) , by Woltman and Shelden 
(footnote 54) Abbott (footnote 82) 

92 Morlot, R, and Vermelin, H Deux cas de stenose congemtale de I’aorte 
chez le nouveau-ne, Compt rend Soc de biol 85 1082, 1921 

93 Nagel, W Em Beitrag zur Kasuistik uber argeborene Herzfehler, 
Freiburg, Speyer and Kaerner, 1908 

94 Sankott, A Ueber emen eigenartigen Fall ^on Stenose des Isthmus 
aortae, Anat Anz 48 261-273, 1915 

95 Strassmann, G Der plotzliche Tod bei Stenose des Isthmus aortae, 
Bcitr z gerichtl Med 5 91, 1922 
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septum was found seven times, of the mtei ventricular septum four 
times In eleven cases, the light ventiicle was hypei trophied , in six, the 
left ventricle 

Group 2 includes atypical examples in infants Cases have been 
leported by Barrett,®® Diesterweg,® Dreyfuss ®' (four cases), Fishei 
Gieenfield,®® Grieg,^“® Franckel,'*® von Hofsten,^®^ Hayashi,^®® Herx- 
heimer,^°® Marx,^®^ Meixner ® (two cases), Pamard,^®® Saltykow,^®® 
Sieber,^®’^ Steidele,^®® Stille,^®® Steinberg,’^^® Vallette and Mollaret,^’-^ 
Verocay,^^® Volbeding^^® and Waggaman The most striking fact 
about this gioup of twenty-six atypical cases is the presence of grave 
developmental defects not connected with the cardiovascular anomalies 
in eight cases,^^® and severe cardiovasculai anomalies in two of these 

96 Barrett, T B Malformation of a Foetus, Lancet 23 349, 1835 

97 Dreyfuss, M Coarctation of the Aorta, Infantile Type, Internat A M 
Museums Bull , to be published 

98 Fisher, Theodore Two Cases of Congenital Disease of the Left Side of 
the Heart, Brit M J 1 639, 1902 

99 Greenfield, quoted by Humphrey Congenital Diseases of the Heart, in 
Allbutt and Rolleston, System of Medicine, New York, The Macmillan Company, 
1909, p 286 

100 Grieg, quoted by Kohl Centralbl f allg Pathol u path Anat 20 1089, 
1909 

101 Von Hofsten, S Fall af Aortastenose, Hygiea 48 19, 1886 

102 Hayashi, A Stauungslunge bei Oftenbleiben des Ductus Botalli, Monat- 
schr f Kinderh 11 224, 1912 

103 Herxheimer Discussion on Stenose des Aortenbogens vor Einmundung 
des Ductus Botalli, Verhandl d deutsch path Gesellsch 13 205, 1909 

104 Marx, Herman Ueber einen Fall von zunehmender Stenose der Aorta 
vom Conus bis zur Einmundung in dem Ductus Botalli, Worms-am-Rhem, A K 
Boenmger, 1912 

105 Pamard, quoted bv Kohl (footnote 100) 

106 Saltykow, quoted by Kohl (footnote 100) 

107 Sieber Demonstration von embryonalen Missbildungen am Zirkulations- 
und am Diegestionsapparate, Deutsche med Wchnschr 35 692, 1909 

108 Steidele, quoted by Kohl (footnote 100) 

109 Stille, quoted by Hirschfelder (footnote 58) , b> Kohl (footnote 100) 

110 Sternberg-Brunn, Carl Beitrage zur Kenntmss der angeborenen Herz- 
fehler, Verhandl d deutsch path Gesellsch 13 198, 1909 

111 Vallette, P, and Mollaret, J Un cas de retrecissement congenital de 
I’aorte chez un nourisson, Marseille med 42 41, 1906 

112 Verocay, Jose Contnbuto alia casistica dell’ artresia congenita dell’ 
aorta in prossmita del dutto arterioso del Botallo, Pathologic 5 35, 1913 

113 Volbeding, quoted by Verocay (footnote 112) 

114 Waggaman Congenital Stenosis of the Aorta, Tr Aled Soc Dist 
Columbia 3 65, 1876 

115 Barrett (footnote 96) Dreyfuss (footnote 97) Meixner (footnote 8) 
Sieber (footnote 107) Sternberg (footnote 110) Verocay (footnote 112) 

116 Dreyfuss (footnote 97) Sieber (footnote 107) 
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and in two others Three of the subjects were stillborn and a fourth 
was aborted In four cases/^® and perhaps a fifth/® the constriction was 
distal to the mouth of the obliterated ductus arteriosus, that is, of the 
adult t}pe, one of these® subjects was but 8 days of age The right 
^entrlcle was hypertrophied in nine cases, the left in six The inter- 
auncular septum was imperfect m at least seyen cases, the mteryen- 
tricular m four 

Comment on Gioups 1 and 2 — To the series of eight 3 ’^-tyvo cases of 
coarctation in infants rerieyyed by- Abbott,®® the present series of forty- 
ty\o IS added In this group, there are sev^enteen males and sixteen 
females, in nine, the sex yvas not specified These figures agree with 
Manneberg s denial of the predominance in males The oldest subject 
yyas 3 years of age, only one other yy’^as more than 1 }ear, Abbott 
included none older than 1 year In sixteen cases the true anatomic 
isthmus yyas narroyyed and there was no abnormit} of note except in 
the heart, these yyere classical and uncomplicated examples of the infan- 
tile type The adult t}pe yvas found in four cases and probably yvas not 
related to the cause of death The prolongation of the ductus arteriosus 
formed the descending aorta in nine cases , tyventy-five yvere previously 
assembled Other cardioy ascular defects yyere found in tyventy 
necropsies 

CASES OF COARCTATIOX AS FOUND IN THE ADULT 

AT NECROPSY 

This senes y\ Inch also does not include reports abstracted by Bane, 
Bonnet or Abbott®® fin “jNIodern ]\Iedicine”), may be presented in 
groups 

Group 1 — In this gi oup are classical examples of the adult type 
(yyithout complications) m yyliich constriction is at or distal to the mouth 
of the ductus arteriosus Cases hay e been reported by Bartels,®" 
Beneke ®®® Broome ®®® Edgren ®®® Halberer ®®® Hansteen ® (three cases), 

117 Fisher (footnote 98) Stille (footnote 109) 

118 Diester\\eg (footnote 3) Greenfield (footnote 99) Von Hofsten (foot- 
note 101) Waggaman (footnote 114) 

119 ^^lanneberg, quoted by Reinitz (footnote 35) 

120 Dr Abbott, in her paper now in press (Abbott, E Coarctation of 
the Aorta, Am Heart J , to be published) is including forty cases in this series, 
and a preMously" published case from the ^lay^o Clinic, from her own studies and 
se\enteen cases from my abstracts, as well as six cases (Hmrichsmeyer, Libman, 
Xieuwejaar Oehl, Taruffi and Wadstein) found by' her in the literafure since 
this paper was completed 

121 Beneke Endokarditis lenta mit Isthmusstenose, Munchen med Wchn- 
schr 69 413, 1922 

122 Broome, H H A Dissection Showing Abnormalities of the Veins, the 
Arteries and the Kldne^s Proc Anat Soc Great Britain and Ireland 35 53, 
1900-1901 
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Harrison/-'' Hart (two cases), Josefson,'*^ Kolisko,®”^ Laubry,®'' 
Hutzow-Holm,'^-" Maixner,®° Mackenzie,'^-® Murray/-® Reinitz,®® 
Santas, Strassmann and Zeom 

One subject in this gioup had suffered from cardiac symptoms foi 
twelve yeais, but had been incapacitated for only four weeks, four 
others had suffered fiom cardiac symptoms for more than a year 
Otherwise their pievious health had been good, it may be emphasized 
that one was an air-pilot in the Geiman army, although coarctation in 
this case was extreme Josef son was of the opinion that his patient was 
afflicted with coarctation, but since he was unable to find pulsating super- 
ficial arteries during life, he hesitated to make a definite diagnosis , at 
neciopsy, it was found that the internal mammaiy aiteiies provided the 
piincipal collateial channels A similai case belongs m another 
group Murray, Santas and Zenoni presented clinical obseivations suf- 
ficient for the diagnosis of coarctation, but diagnosed aneuiysm of the 
thoracic aorta 

Habeier has leported a case of unusual interest Thiee dajs before 
admission to the hospital the patient developed transverse myelitis , this 
caused death through complications thiee months later The most strik- 
ing observation at neciopsy was that the anteiior spinal artery had con- 
tiibuted to the collateral circulation and caused compression of the spinal 
cord at the level of the second doisal nerves In spite of atiesia of the 
aoita, this woman had home seven childien Of the women in whom 
atiesia has been found, one died at the biith of hei ninth child,® and 
another was survived by seven children In one case in which the 

123 Edgren, J G Fall af isthmusstenose med relative aortainsufficiens, Nord 
■med Ark , Festband, 1897, p 27 

124 Haberer, H Em Fall von seltenen Collateralkreislauf bei angeborener 

Obliteration der Aorta und dessen Folgen, Ztschr f Heilk 24 26, 1903 

125 Harrison, T J Singular Abnormality of the Arterial System, Con- 
striction and Obliteration of the Aorta, etc , Penins M J 3 514, 1855-1856 

126 Hart, C Ueber die totale Obliteration des Aortenisthmus, Med Klin 
16 1337, 1920 

127 Lutzow-Holm, G Svaer medfedt stenose i isthmus aortae, pendsehg 
dod, Norsk Mag f Laegevidensk 85 1066 (Oct) 1925 

128 Mackenzie, G M Coarctation of the Aorta with Staphylococcus Endo- 
carditis, Am J M Sc 174 87, 1927 

129 Murray, G R A Case with Comments A Case of Incomplete Coarcta- 
tion of the Aorta, Necropsy, Practitioner 72 284, 1900 

130 Santas, M A Estenosis congenita del istmo de la aorta en un individuo 
de 61 ahos. Rev Soc med argent 14 17, 1906 

131 Lutzow-Holm (footnote 127) Murray (footnote 129) Santas (foot- 
note 130) 

132 Erdmenger, Rudolf Zwei Falle von angeborenen Herzfehler mit 
Sektionsbefund (Pulmonalstenose bezw Isthmusstenose), Gotting, L Hofer, 
1912 
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stenosis was all but complete, the patient died near the end of her second 
pregnancy Of the women m whose cases coarctation was diagnosed 
clinically, one had had four childi en,'^'^ one eleven'^ and a third 
fourteen 

Strassmann seems to have repoited the one case in which thy- 
roidectomy had been performed, this was piobably for adenomatous 
goitei 

Group 2 — This gioup includes examples of coarctation in which 
death was due to rupture of the aoita Cases have been repoited by 
Berger,^^^ Bumke,^® Kohsko,®^ Trevor,^^^ Binder,"*^ Bionson and Suthei- 
land,^“ Franckel (two cases), Hoider,^^^ Meixner,® Oppenheim,^^ 
Staunig,^^® Strassmann (four cases), Smith and Targett,^^ TuinbulP^ 
and W est 

In two cases luptuie occuired through an aneurysm which was the 
site of vegetations , Abbott cites a similai one, repoi ted by Smith and 
Hausmann The seventeen cases of spontaneous rupture of the aorta 
associated with coarctation reviewed here bring the total to thirty- 
eight , of these, thirty-one patients were men and f oiii women , most 
of them were fiom 17 to 33 yeais of age Meixner attributes the strik- 
ing prevalence of death from this cause m muscular males duiing the 
age of greatest effoit to unusually high blood piessuie pioduced by then 
energetic life oi to a congenital weakness of the walls of the aoita (as 
TuinbulP^ does), oi more probably to a combination of these two fac- 
tors In seven of these seventeen cases, it is noted that the initial symp- 
toms appealed during or aftei prolonged violent exeicise, death followed 
at once when the first break in the aortic wall was complete, or a few 
hours later when it became so The fact that in one case the stenosis 
was slight and m anothei only model ate, lends support to the belief 
that the luptuie was due essentially to impel feet development of the wall 
of the aorta In eight of this gioup, the ascending aorta was dilated and 
thin- walled, and in five definite aneurysm was found Attention ma}^ 

133 Berger, quoted by Meixner (footnote 8) 

134 Trevor, quoted by Humphrey Congenital Diseases of tbe Heart, m 
Allbutt and Rolleston, System of Medicine, ed 2, New York, The Macmillan 
Company 6 286, 1909 

135 Horder, T J Dissecting Aneurism of the Aorta m a Boy Aged Twelve , 
Rupture into Pericardium, St Barth Hosp Rep 43 57, 1907 

136 Staunig Aortenruptur, Berl khn Wchnschr 50 469, 1913 

137 West False Aneurism with Obliteration Probably Congenital of the 
Aorta, Tr Coll Phys , Philadelphia 2 194, 1848 

138 Abbott’s new series includes cases of two young men, reported by Nieuwe- 
jaar, and Wadstein, which make the total forty, m both, the aortic \alve was 
bicuspid 

139 Binder (footnote 42) Bronson and Sutherland (footnote 36) Horder 
(footnote 135) Kolisko (footnote 91) West (footnote 137) 
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also be called to the disproportion bet'\\ een the size and development of 
the upper and lowei parts of the bod} in the case reported by West A 
similar disproportion has been recorded twice,-'* as well as in a clinical 
report by Edelmann and Maron 

Group 3 — Examples of coarctation in which death was due to cere- 
bral hemorrhage are included in this group Cases have been reported 
by Bahn,®” Borissowa,®'* Erdmenger,^®- Kohsko,®^ Koster and Forselius,®® 
Strassmann and Weber 

Borissowa’s patient was a sickly child, and in this case, aortic stenosis 
and coarctation were present, both in an extreme degree, but abo\e 
the narrowed ostium the ascending aorta was dilated Erdmenger’s 
patient had suftered from mitral stenosis of iheumatic origin Koster 
and Forsehus’ patient was s}philitic The others of this group were 
health} and robust prioi to death Definite ruptured aneurysm was 
mentioned b} Kohsko Strassmann and Weber Bahn s case, "which 
Avas correctly diagnosed in life has no tellow The electrocargiogram 
was negatne except for imerted T-waAes in leads 1 and 2 At necropsy, 
the heart w'as proved to be on the right side, but the chambers were in 
their normal relative positions and the arch of the aorta was to the left 
Imersion of other Mscera was not noted Bacterial endocarditis was 
also obser\ed in this case, but the hemorrhage was independent of it 
Josefson s patient also suftered from endocarditis, but he died from 
cerebral hemorrhage secondary to embolus to the biain 

Group 4 — The cases in this group are at} pical example of coarcta- 
tion Cases haA e been reported b} Knierim Kohn,^^^ Kovesi,®^ 
Kurc}usza^^® Lantinga,^'*® Lesseliers,^^* Umber®® and Weidman^^ 

Knierim reported atresia proximal to the obliterated ductus, but did 
not emphasize this unique observation, the possibility of an error may 
therefore be consideied His patient was a robust middle-aged man 
Kohn’s case, that of a man aged 57, did not present any characteristics 
of coarctation eithei chnicall} or at necropsy except “marked stenosis 
of the isthmus AMth atheroma ” Four other examples of coarctation 

140 Weber (footnote 33) 

141 Kohn, Albert A Case of Dilatation of the Aorta Due to Constriction 
at the Isthmus, M Rec 79 652 1911 

142 Kurc} usza, A Insufficientia totius aortae congenita , stenosis arcus 
aortae, endocarditis atheromatosa Gaz lek 16 81, 1874 

143 Lantinga, Freerk Over AernauAAing der aorta, Groningen, J B Wolters, 
1874 

144 Lesseliers, L Cas remarquable de retrecissement de la crosse de I’aorte, 
Ann Soc de med de Gand 60 45, 1882 

145 Weidman F D Congenital Stenosis (Coarctation) of the Isthmus of 
the Aorta Proc Path Soc Phila 16 78, 1914 

146 Hansteen (footnote 9) Kurcjusza (footnote 142) Lantinga (foot- 
note 143) Lesseliers (footnote 144) 
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in which collateials weie distinctl} said to be absent are included in this 
senes, the nan owing in thiee of these was inodeiate, and in two, genei- 
alized hypoplasia of the aoita was associated Thiee cases without 
evidence of collatei al cii culation at neci opsy occui in Abbott’s sei les 
Two patients in this gioup had suffeied fiom cardiac symptoms since 
biith and two otheis^'*® foi about a yeai The aorta was hypoplastic 
throughout in five cases, Abbott leview'^ed nineteen such cases in her 
1927 monogiaph In the liteiatuie, general hypoplasia of the aoita is 
less common than coaictation 

Comment on Gioups 1 to 4 — This senes consists of fifty-seven cases 
in which the age was moi e than 3 yeai s and in which the data ai e moi e oi 
less adequate f oi statistical study Mannebei g has denied that coarcta- 
tion actually occui s moie often in men than m women, and explains the 
appaient disci epanc}^ by the gieatei numbei of neciopsies peifoimed on 
men , he estimates the i atio as 2 1 Abbott i eports cases in ninety- 
two males and thiity-nme females, which is in haimony wnth this theory, 
but in this additional gioup of fifty-seven, theie weie foity-seven cases 
111 men and eight in women, wdiich is moie in keeping with the tradi- 
tional view that coaictation is moie common m males In my gioup, 
eight were aged fiom 11 to 15 years, fiie from 16 to 20, fouiteen fiom21 
to 30, and eleven fiom 31 to 40, as compaied wuth foui, twenty -thiee, 
thiity-two and twenty-five in the same age peiiods m Abbott’s group 
Of the fifty-seven cases leview^ed by me, the aoita was obhteiated in 
fifteen, extiemely stenosed in twenty-nine, moderately stenosed in ten 
and slightly stenosed m one, the degiee of stenosis was not given in 
two That IS, of 194 cases of the combined senes (Abbott’s levised 
series and mine), the diametei of the lumen of the aoita was less than 
6 mm at the site of coaictation in 151 cases In my series, collateral 
cii culation was said to be piesent in thiity-five, and not mentioned in 
fifteen, although it w^as implied m about half of these In five cases of 
model ate stenosis, collatei al circulation w^as said to be absent The 
heait was enlaiged in foity-foui of these fifty-seven cases and not 
enlaiged in six, among the latter, theie were two cases of atiesia,^^” two 
of extieme stenosis, in one of which collateials were said to be 
absent, and two of model ate degiee The ductus was patent in fiie 
cases, bunging the total of such cases to seventeen Bicuspid aortic ^alve 

147 Kurcyuza (footnote 142) Lantinga (footnote 143) 

148 Knienm (footnote 32) Umber (footnote 80, eighth reference) 

149 Kovesi (footnote 64) Kurcyusza (footnote 142) Lantinga (foot- 
note 143) Umber (footnote 80) Weidman (footnote 145) 

150 Franckel (footnote 40) Harrison (footnote 125) 

151 Lantinga (footnote 143) Smith and Targett (footnote 37) 

152 Hansteen (footnote 9) Horder (footnote 135) 
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as present in fourteen instances , thirt)*-one were previous^ re\ lewed ®- 
In ID}' senes cerebral hemorrhage was found eight times, in three, 
nipture of an aneurism ^^as specified Simple hemorrhage is reported 
sei en nmes ruptured aneur} sm three times and clinical evidence of cere- 
bral hemorrhage six times in Abbott s latest re\ lew Knierim reported 
an unruptured aneur} sm of the basilar artery In most cases the brain 
was not exammed post mortem, or perhaps cerebral aneur} sm i^ould 
hai e been recorded more often The obvious explanation of the affec- 
Pon of the arteries of the brain •« ould appear to be high blood pressure 
in the proximal aorta The efficienc} of the internal carotid arteries in 
} oung persons hov e\ er probably prevents high pressure m the cerebral 
arteries and this argument strengthens Turnbull’s hypothesis that 
these aneurysms are rather due to inherent eakness of the arterial wall 
The incidence of aorfac aneunsm has been mentioned Aneur}’^sms of 
the left brachial in a bo} and of the left verebral have been reviewed 
In m} series death was due to cardiac failure in sixteen cases, making 
a total of eight}--four deaths due to this cause Subacute bacterial endo- 
carditis was responsible for death in six cases in this series, in two, it 
was comphcated with bacterial aortitis , endocarditis w as present in 
another case, and in two others if infection did not cause aortic 
aneur} sm at least infection led to rupture of the aneuiysm Minor 
vascular anomalies, such as persistent left superior vena cava,^®® origin 
of the V ertebral artery from the arch and patent interauricular 
septum w ere found in fiv e cases in addition to the fiva examples of 
generalized aortic h}poplas'ia Developmental defects of consequence 
were found elsew here in tw o cases and minor ones in two others 
Group 5 — ]\Iiscellaneous examples of coarctation are given in this 
classification IMonam has published a case that he likened to one of 
^Monckebergs the original article is not available to me Wein- 
berger demonstrated a postmortem specimen vvutli a patent foramen 
ovale which is presumabh from the case reported by him clinically the 
preceding } ear Jaffe and Sternberg " refer to an example in a soldier 
d}mg of puhnonar} tuberculosis Reports of sixteen other apparentl} 
genuine cases without adequate details have been found Elev^en of 
these were in infants and in four of the five adult cases it was noted that 
coarctation was not marked and without clinical significance 

153 Broome (footnote 1221 Kolisko (footnote 91) 

154 Haberer (footnote 124) Kolisko (footnote 91) 

155 Bronson and Sutherland (footnote 36) Kohn (footnote 141) 

156 Bronson and Sutherland (footnote 36) Remitz (footnote 35) 

157 Broome (footnote 122) Latzow'-Holm (footnote 127) 

158 -llonani, G • Contnbuti alia patologia vasale comphcazioni valvTilari 
aortiche in stenosi congenita dell’ istmo abstr Pathologia 3 241, 1911 
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Anders, Langwill,^“° and Kurtz, Sprague and White have 
reported cases of moderate coaictation in which other cardiac lesions 
appeared to be of greatei importance In hei curient publication, 
Abbott®- IS excluding nineteen cases of this type fiom her 1927 aiticle 
and adding thiiteen otheis In fourteen of these thirty-five cases, grave 
developmental defects were associated with moderate coaictation, and 
slight coarctation complicated other minor caidiovascular anomalies in 
twenty-one In fourteen instances, the ductus aiteriosus was widely 
patent Some of this series were complicated examples of the infantile 
type, four of these subjects were less than 5 years of age, but others 
were older These thirty-five cases are probably not all of those pub- 
lished in which some degiee of coarctation has been overshadowed by 
more serious conditions Abbott discusses the subject in more detail in 
her current work and appends a bibliography 

AN UNPUBLISHED CASE OF COARCTATION WITH NECROPSY 

Dr Walter D Shelden”’ has permitted me to report a case diagnosed by him 
m 1906 (fig 2) A man, aged 44, m the terminal stages of gastric carcinoma, was 
referred on account of an unusual cardiovascular condition During the preceding" 
nine months, he had suffered from cramps m the legs, which lasted a few minutes 
two or three times at night , he had become dizzy and had complained of palpita- 
tion and pain in the chest on exertion He had been growing weaker, especially 
m the legs The carotid arteries were markedly thickened and pulsating forcibly 
Pulsation m the abdominal aorta, although the parietes were thin and relaxed, 
could not be felt, m the femorals it was weak and often imperceptible The dorsal 
scapular arteries were tortuous and distended, and near the angle of the scapula 
were larger than the radial They anastomosed with a knot of vessels near the 
spine In the posterior part of the left axilla, a large artery was found m which 
blood was flowing downward, one branch disappeared in the ninth interspace and 
the other extended toward the angle of the scapula and was lost in the seventh 
or eighth interspace Pressure on the left brachial stopped pulsation in both 
branches Cardiac dulness was not increased At the base, a soft blowing systolic 
murmur remarkable for its diffuse character was heard, this was perhaps most 
marked over the aortic area, but it was almost equally intense in the back to the- 
left of the vertebral column above the level of the spine of the scapula Atresia 
of the aorta just beyond the obliterated ductus was found at necropsy 

159 Anders, J M Sudden Death m Aortic Stenosis with Report of T^\o 
Cases, One Complicated with an Aneunsmatic-Like Dilatation of the Aorta at 
Its Root and Marked Stenosis of this Vessel Beyond the Dilatation, Med News 
80 872, 1902 

160 Langwill, H G An Unusual Cardiac Case, Scot M & S J 1 723, 1897 

161 Kurtz, C M , Sprague, H B , and White, P D Congenital Heart 
Disease Interventricular Septal Defects with Associated Anomalies m a Senes- 
of Three Cases Examined Postmortem, and a Living Patient Fifty-Eight Years 
Old with Cyanosis and Clubbing of the Fingers, Am Heart J 3 79 (Oct ) 1927_ 

162 Shelden, W D Personal communication to the author 
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CASES OF COARCTATION AT THE MATO CLINIC DIAGNOSED 

CLINICALLY 

Case 1 — In the first case so diagnosed, the patient \\as a woman, aged 44, 
who after walking suffered from precordial pressure, d\spnea tachjcardia, vertigo, 
occasional vomiting and intermittent claudication Pulsation m the subclaMan 



Fig 2 — The heart and aorta from Shelden’s case, dravn from the original 
specimen 

and carhtid arteries was strong, but other uilated arteries w^ere not visible or 
palpable over the thorax In contrast to the multiparas who ha\e been cited, this 
woman had lost two premature infants, and perhaps had had an earh miscarriage 
When last heard from, her condition was unchanged 

163 Previously reported by Woltman and Shelden (footnote 54) 
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Comment — In one other case’® diagnosed clinically, and in seveial 
diagnosed at neciopsy in which the diagnosis of coai elation was con- 
sidered during life, no evidence of supeificial collateial cii dilation was 
found, but postmoitem examination revealed inaiked enlaigement of the 
intrathoracic arteiies Laubiy emphasizes that pionounced dispropoi- 
tion of the brachial and femoial blood pressiue is a sufficient basis for the 
diagnosis 

Case 2’“ — A robust, athletic jouth, aged 20, had been in coma two da 3 '^s at 
the time of admission to the hospital Necrops}' examination confirmed the clinical 
diagnosis of obliteration of the aorta in the region of the insertion of the Iiga- 
mentum arteriosum involving the origin of the left subclavian and hemorrhage at 
the base of the brain This hemorrhage came from the rupture of a large aneurysm 
at the juncture of the posterior communicating and middle cerebral arteries The 
heart was moderately hypertrophied and the aortic valve presented but two cusps 

Case 3 — A farmer, aged 30, was admitted to the clinic on July 31, 1925 He 
gave a history of a rather sudden onset of dyspnea ten weeks previously Two 
weeks after the onset of the dj^spnea, edema of the ankles was noticed, but it 
disappeared later with rest There was no history of weakness or coolness of 
the legs, claudication or headache A systolic murmur followed by a reduplicated 
and accentuated second sound in the second right interspace and a rough systolic 
murmur over the apex were heard The physical signs of coarctation were 
present Hemorrhage or exudate were not noted in the fundus Although a 
moderate amount of albumin, erythrocytes and leukocytes were present in the 
urine, the result of the phenolsulphonphthalein test was 65 per cent and the blood 
urea 24 and 16 mg for each hundred cubic centimeters on different days The 
patient was given the dietary regimen for nephrosis and advised to give up farm 
work for a sedentary occupation In February, 1927, he wrote “Am feeling fine 
now Have a lot of work and expect to do it all myself ” 

Comment — The chief point of interest in this case is that the associa- 
tion of high blood pressuie and a high giade of albuminiii la involved the 
dififeiential diagnosis of glomerulonephritis and nephrosis 

Case 4 — A boj" came to the Mayo Clinic on Aug 17, 1926, for advice concern- 
ing his heart Ten months previouslj", during the routine examination of candi- 
dates for the football team at his high school, “high blood pressure and leakage 
of the heart” were diagnosed, and he was placed on a rather strict regimen He 
had felt so well that he wished to know if it were necessary to continue this life 
of restricted activity Prior to October, 1925, besides doing his share of the 
farm work, he had been playing football, baseoall and basketball with some local 
distinction He had never noticed cyanosis, tinnitus, vertigo, headache, or pain, 
aching or weakness m the legs, but he had observed that his feet easily became 
cold A harsh systolic murmur over the precordium, most intense in the second 
left interspace, was transmitted to the vessels of the neck A diastolic murmur 
was not present in the aortic area, but one was audible along the upper part of 
the left border of the sternum , its character was not altered bj change of posi- 
tion Altliough there was no Corrigan or capillary pulse, the blood pressure sug- 


164 Blackford, L M Coarctation of the Aorta, Proc Weeklj Staff Meet- 
ings Mayo Clinic 1 103, 1926, 2 281, 1927 
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gested aortic regurgitation In attempting to elicit the “pistol-shot in the groin,” 
It was obser\ed that pulsation in the femoral artery was faint and less pronounced 
than in the inferior epigastric and superficial circumflex iliac arteries The 
patient was urged to abandon his athletic career and to prepare himself to earn a 
living with a minimum of physical exertion He w^rote a jear later that he was 
observing instructions and w-as in the best of health (fig 3) 

Case S — In 1922, a boj w'ho had suffered from many acute infectious diseases 
as a child w^as brought to the Mayo Clinic on account of poor ph^^sical endurance 
as demonstrated in a swimming test, he had no other s 3 'mptoms Because of 
high systolic blood pressure, he w’as limited in his activities and given a diet 
low in protein He returned on Sept 1, 1926, for reexamination Accentuation 
of the pulmonic second sound and a loud S 3 Stolic murmur, greatest m the aortic 
area but also heard to the left of the sternum and in the neck, w'ere observed 



Figure 3 Figure 4 

Fig 3 (case 4) — The muscular development of the subject is well showm 
Attention is directed to the superior and inferior epigastric and musculophrenic 
arteries In this and the following photographs, the collateral circulation was 
outlined b 3 palpation on the bod 3 ’ of the subject and checked by one or more 
other ph 3 'sicians 

Fig 4 (case 5) — Attention is directed to the prominence of the transverse 
cerMcal, intercostal, long thoracic, subscapular and circumflex iliac arteries 

The aortic second sound was roughened, but there w'as no diastolic murmur nor 
w'as any precordial thrill palpable Coarctation of the aorta was first recognized 
at this time On April 16, 1927, he was again examined His mother said that 
her health had never been better than during the nine months preceding his birth 
For about fiv'e 3 ears, his general health had been good, and he did not have 
subjectiv'e complaints He was fairly well developed and well nourished, present- 
ing a contrast to the sickly child of 1922, and he was proud of being able to make 
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Ills own living The strictness of the diet had been graduallj relaxed, but he was 
still obser\ing instructions with regard to the a\oidance of \iolciit exercise 
Dietar}' restrictions w'cre removed, and three months later Ins color was better, 
but he w'as advised to continue the general regimen as regards exercise ( fig 4) 

Comment on Cases 4 and 5 — These two boys, aged 16 }eais who 
weie seen Avithin a few days of each other were without sjmptoms The 
fiist was an athlete of correspondingly good musculai de% elopinent , the 
second had been forbidden to take part in athletics and was, therefore, 
not so stiong The lack of endurance in the latter at the age of 12 was 
piobably more attributable to his various illnesses in the preceding six 
yeais than to the congenital lesion of the aoita 

Case 6 — A laborer, aged 46, sought relief at the Mayo Clinic on Dec 30, 1926, 
for epigastric distress He had led an active life, but had never noted dyspnea 
palpitation, edema, headache, cold feet, nocturia or impairment of libido or potentia 
At the time of a former abdominal operation, the surgeon had found the right 
rectus muscle unusually vascular A harsh systolic murmur w’as heard at the 
aortic area, this was even more pronounced in the back, especiallj betw’een the 
vertebral column and the upper part of the left scapula Since the heart was not 
enlarged and the blood pressure almost normal, and since the patient was middle- 
aged and dependent on manual labor for his livelihood and denied cardiac symp- 
toms entirely, it did not seem that an alteration m his mode of life w'as necessary 

Casp 7 — A girl, aged 16, w^as brought to the Mayo Clinic on Jilarch 2, 1925, 
because of exophthalmic goiter She had ahvays been annoyed with cold feet, 
and had had momentary spells of difficulty in w^alking, but she had never 
experienced cardiac sjmptoms until 1922, w'hen nervousness, weakness, palpitation, 
taclij cardia, sw'eating and intolerance to heat caused her to consult a phjsician 
The basal metabolic rate w'as found to be -f 25, the systolic blood pressure from 
160 to 180 and the diastolic from 76 to 80, and a diagnosis of exophthalmic goiter 
W’as made, the symptoms subsided spontaneousb Two jears later, the thvroid 
gland had enlarged perceptibly, and during the two months preceding admission 
to the hospital there had been violent recrudescence of the syndrome of goiter 
Vomiting the previous w'eek had been controlled by iodine, some improvement 
had occurred, but the patient w’as still critically ill Stimulation, weakness, stare 
and sw’eating w’ere all marked, and there w’as a loud bruit o\er each lobe of the 
tlnroid gland The first sound at the apex of the heart w’as snapping, and a 
s}stohc murmur was heard over the w’hole precordium, being transmitted to the 
axilla The pulse was 110, the basal metabolic rate -f- 62 After two more weeks 
of iodine treatment, the enlarged thyroid gland w’as resected, about one-fourth 
the normal amount of gland tissue being left on each side Pathologic examina- 
tion confirmed the diagnosis of exophthalmic goiter Immediate con\alcscence 
from the operation w’as uneventful, and there was prompt and striking S 3 mp- 
toniatic relief with gain in w’eight 

After dismissal, how'ever, the pulse remained rapid, and when compound 
solution of iodine was not being taken, the basal metabolic rate \aried from -f 20 
to 4-30 The patient returned Aug 4, 1926 At this time, the left lobe of the 
thjroid was about twice normal size During se\en weeks of obser\ation the 
sjmptoms of exophthalmic goiter could be controlled with iodine, but it became 
apparent that further resection of the gland would be nccessar} at some time, and 
the patient elected to ha\e it done at once Microscopic examination of the 
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specimen removed at the second operation was again reported as revealing h 3 'per- 
trophic parenchymatous thyroid gland Sixteen days later, all evidence of 
exophthalmic goiter having subsided, the patient was examined again to determine 
the cause of the high blood pressure (systolic 206, diastolic 90), and coarctation 
of the aorta was diagnosed She was dismissed with instructions to take ten 
drops of a compound solution of iodine daily for ten weeks She returned on 
Jan 3, 1927, for reexamination , at this time, the basal metabolic rate was 
normal, and she felt well, but there was no change in the vascular condition 

Comment — The frank exophthalmic goitei masked the presence of 
coarctation in this case at fiist The only other case in which thy- 
roidectomy had been performed in a case diagnosed clinically or at 
necropsy as coarctation was one,®® apparently of adenomatous goiter, 
m which opeiation was performed more than twenty years before death 
Intermittent claudication has been noted in the histoiy in one case previ- 
ously diagnosed as coaictation of the aorta at the Mayo Clinic and in 
three so diagnosed elsewhere 

Casp 8 — A woman, aged 22, came to the Mayo Clinic on July 6, 1927, com- 
plaining of nervousness and the loss of 10 pounds (4 5 Kg ) in the preceding six 
months One sister had always been “nervous,” and another had recently become 
so Diffuse enlargement of the thyroid had been present for nine years Three 
years before coming under observation she had been rejected on applying for 
work on account of ‘ high blood pressure,” and on another occasion on account of 
rapid pulse Although strenuous exertion had always caused transient palpitation 
and tachycardia and she had lost blood through epistaxis many times up to 1925, 
she had considered herself m good health until the autumn of 1926, a few months 
after she was married In September, she was shocked by the death of her father 
and about the same time she fell down five steps A few days later, “things got 
black” before her eves, she felt dizz 3 ’^ and her heart became rapid for a few 
minutes A physician again found her blood pressure high, and prescribed a diet 
low in protein and salt Following this, she became nervous and for several weeks 
apparent^ was on the borderline of a depressive psychosis In January, 1927, 
there was a miscarriage of a six-months’ fetus, and the S3'mptoms became worse 
The administration of compound solution of iodine (10 drops three times a day) 
was begun and continued for four months w ithout improvement The appetite 
had failed somewhat, and the feet were always cold The thyroid gland was 
diffuseh^ enlarged, and a bruit was heard all over it At the apex of the heart, 
a systolic murmur was heard which became somewhat louder at the base and Avas 
transmitted into the thyroid gland and the infraclavicular fossa This murmur 
Avas also heard distinctly in the left interscapular space The basal metabolic 
rate AA'as -1-20, but on further stud3 the diagnosis of coarctation Avas made, sub- 
sequent rates Avere loAA'er (fig 5) 

Comment — In the presence of a diffusely enlarged thyioid gland 
with bruit and thiill, an eleA^ated basal metabolic rate, nervousness, 
tremor and some loss of weight, the piesumable diagnosis would appeal 
to be exophthalmic goiter However, the patient’s admittedly neuiotic 
temperament and the various psychic shocks she had undergone in the 
pievious yeai may explain some of the symptoms The failing appetite. 
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cold feet, absence of exophthalmos and staie, the fadnie to nnpio\e 
iindei tieatment with iodine and, above all, the geneial clinical impies- 
sion, had caused the diagnosis of exophthalmic goitei to be discaided 
bcfoie the explanation of bunts and tin ills ovei the thjioid gland was 
found m the diagnosis of coai elation 

CASES OF COARCTATION DIAGNOSED A1 NECROPSY IN 
THE MAYO CLINIC 

CAsn 9 — A male infant was born on Sept 19, 1924 Respiration was retarded 
Two da 3 's later, pallor and cyanosis with superficial respiration set in, and the 
next day he died The heart was found slightly dilated and weighed 27 Gm The 



Fig 5 (case 8) — The anastomosis between the dorsal scapular and intercostal 
arteries Blood is evidentb^ flowing toward the aorta m the intercostals 

ductus arteiiosus was widely patent, and the lumen of the aorta just proximal 
to Its entrance was somewhat constricted Other gross anomalies were not present 
Case 10 — A female infant, aged 3, was brought to the Ma 30 Clinic on June 2, 
1923 She had been delivered uith forceps, and artificial respiration had been 
necessary She had always been delicate and extremely constipated Fne months 
preMoiisly, she had begun to have fainting spells, in these she would cr 3 out, 
become pale and fall straight back There was generah/ed edema, and the area 
of cardiac dulness w'as enormously increased The action of the heart was 
regular There was a definite blowing svstolic murmur at the apex and a short 
blowing diastolic murmur along the sternum The pulmonic second sound was 
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accentuated A diagnosis of congenital cardiac disease was made, and six days 
later the patient died 

The heart occupied the whole Avidth of the thoracic cavity, it weighed 215 Gm 
The right auricle was greatly distended and the right ventricle was 1 2 cm m 
thickness as compared with 1 cm for the left ventricle There was an inter- 
ventricular opening 1 cm in diameter The ductus arteriosus readily admitted a 
fine probe Just proximal to the opening of the ductus into the aorta there was 
marked constriction of the aorta by a valvelike ring, which, on approximation of the 
walls, almost closed the lumen The arch of the aorta proximal to this was 
slightly narrow as compared with the thoracic aorta Fetal lobulations of the 
spleen, incomplete rotation of the intestinal tract, horseshoe kidney, incomplete 
lobulation of the lung, ascites and anasarca were also noted 

Case 11 — A female infant with gross external anomalies was born on July 11, 
1927 She suffered repeated convulsions, the respirations growing rapid and 
noisv, and died on the fifth day without ever having appeared cyanotic The 
cardiovascular system was normal, except for marked constriction of the aorta 
just proximal to the mouth of the widely patent ductus arteriosus The additional 
pathologic diagnosis was, “spina bifida (first four lumbar vertebrae) with 
meningomyelocele, extreme degree of internal hydrocephalus with hydromyelia, 
hemorrhages into the brain with terminal meningitis ” This case strongly 
resembles one reported by Dreyfuss 

Case 12 — A man, aged 24, came to the Mayo Clinic on Feb 16, 1923, com- 
plaining of shortness of breath at night and pain m the right side of the neck on 
exertion He had enj 03 ^ed good health except for occasional occipital headache 
until his discharge from the United States Navy in 1920 After this he noticed 
dyspnea with palpitation and tachycardia on mild exertion, and at night palpitation 
and later orthopnea, which he attributed to the fact that the “weakened artery” 
on the right side of the neck choked him when he was lying down In the right 
supraclavicular fossa there was a tender pulsating mass, giving both systolic bruit 
and thrill A diastolic murmur was heard in the aortic area “Distention of the 
vessels of the back o\er both scapulas” was recorded, but pulsation in these 
vessels, in the abdominal aorta or in the arteries of the lower extremities was not 
noted There was no cyanosis or edema Moderate tenderness over the thoracic 
vertebrae Avas observed A diagnosis of aneurysm of the right subclavian artery 
was made Although the circulation in the affected arm was good after operation, 
the patient died from pneumonia on the tenth day 

The heart was diffusely hypertrophied , it Aveighed 450 Gm , and the thickness 
of the left ventricle Avas 1 5 cm as compared Avith 0 4 cm for the right ventricle 
The aortic valve had only tAvo leaflets The aorta, Avhich shoAved a minimal 
amount of arteriosclerosis, Avas completely obliterated just beyond the origin of 
the left subclavian at the insertion of a somcAvhat thickened ligamentum arterio- 
sum About 2 cm distal to this, the circumference of the aorta Avas 3 8 cm The 
innominate arterj'^ measured 4 5 cm in circumference, and the branches of the right 
subclavian Avere greatly increased in size From the costocervical trunk arose a 
tortuous arter3" 14 mm in circumference and 7 cm in length, Avhich passed behind 
the esophagus to open into the aorta just above the origin of the third intercostal , 
its loAver part Avas dilated to form an aneurysm about 2 cm in diameter The 
brain and spinal cord Avere not examined (fig 6) 

Comment — Although a vestige of the right doisal aorta is not par- 
ticularly lare, the piesence of such an efficient trunk is exceedingly rare 
In this instance it had evidently remained patent because it was needed 
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as a blood channel, in other words, the obstiuction in the left doisal 
aoita must have occiiiied befoie the atiophy of the light doisal aoita 
in the second half of the second month of embnonic life This 
anomalous vessel must have been a rathei efficient shunt foi the aoitic 
curient, and perhaps due to it the blood piessuie was found noimal in 
the biachial arteiy , if so, it was of \ast clinical significance as it iemo\ed 
a valuable clue to coarctation In some othei cases of bicuspid aortic 
valve, high pulse pressuie has been found and attiibuted to lelative 
insufficiency of the valve, howevei, in this and m the foui cases of 
bicuspid aoitic valve not associated with coaictation found at neciopsy 

■Right subclavian 

\ 


Intercostal arteries 

Fig 6 — Persistent right dorsal aorta (X) in case 12 (diagrammatic) 

at the Mayo Clinic, the blood piessuie was essentially noimal In the 
only other case of aneuiysm of the light subcla\ian aitei} associated 
with coarctation (clinical diagnosis),'^ death was due to luptuie of the 
aneuiysm, and it is piobable that in the piesent case the patient would 
have died in the same way if opeiation had not been peifoimed The 
piesence of a second aneuiysm in this case is of mteiest In view of 
the tenderness ovei the thoiacic \eitebiae and Habeiei’s lepoit of the 
shaie of the anteiioi spinal aiteiy in the collateial cii dilation in his case. 
It IS to be legietted that the coid wds not examined at necrops} 

Theie wds nothing of significance m the family histoi} of the adult 
patients m this series, noi any history of rheumatic fe\er The results 
of the geneial examination of each patient w'ere essentiall} negatue, 
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readings on the thigh In cases 4, j, G 7 nnd 8, I made all readings e\cept that on the thigh in case 7 In all cases the blood pressure Avas determined several times, 
usually by different obserAcrs and, e\cept vhen made at long intervals, and the readings AAcre in close agreement 
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except the aneui}sm m case 12 The Wasseimann icaction of the blood 
was negative in each case The letinal arteiies weie toituous in the 
cases examined 

Besides these cases of definite coaictation, foui cases of slight con- 
striction of the aoita with slight dilatation proximally weie lecentlv 
obseived at the Mayo Clinic They may be mentioned for two leasons 
fiist, to illustiate varying giades of coarctation as found m the adult, 
for tiansition fiom a slight degiee to atiesia has pieviously been tiaced 
in infants, and, second, because the slight constiiction was pioximal to 
the inseition of the ligamentum aiteiiosum It is woithy of note that in 
two of these cases the heait was distinctly small But since the caidio- 
\ascular system had nothing to do with the piewous health oi the death 
of these four patients and the degiee of constiiction was slight, these 
cases will not be counted in the statistical study 

COMMENT 

Bonnet’s geneial observations have recened inci easing confirmation 
There is no question that his infantile type is a lesult of prenatal malde- 
velopment However, his deduction that the type oveiwhelmmgly pie- 
dominant in adults is the result of postnatal conti action of Botalhan 
tissue in the wall of the aoita may be challenged It has been shown 
that fibeis fiom the ductus arteriosus do not noimally extend appreciably 
into the wall of the aoita, and it has not been demonstiated that they 
ever do As Viichow lemarked seventy-five years ago, an anatomic 
hypothesis is a poor basis foi a theoiy The appearance of scarring and 
arteriosclerosis so often found near the inseition of the ligamentum 
aiteriosum, both with and without coaictation, has been adequately 
explained by Meixnei Since the obliteiation of the ductus is due to 
atiophy from lack of function such a passive piocess could hardly eftect 
contraction of the aoita, even if its fibers weie present m the aoita 
Moi cover, as Bonnet was puzzled to obseive, coaictation has been found 
associated with a patent ductus, m these cases, ceitainly this theory is 
inapplicable These cases are equally potent aiguments against the belief 
that obliterating endarteiitis of the ductus is lesponsible for coarctation 
The chief basis foi this idea is the appeal ance of scan mg m this legion, 
which has ah eady been explained 

The impi obabihties of these two theoiies make it necessaiy onh to 
considei the hypothesis that constiiction oi obliteration of the aorta at or 
distal to the mouth of the ductus arteiiosus is of de\ elopmental origin 
Congdon has shown that the segment of the definitive aorta lepresented 
by the left fouith bianchial arch maj be distal to the mouth of the 
ductus If one continues to accept the older a lew in some cases, the site 
of coarctation is that segment of the aorta repi esented by the fourth arch 
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m all cases This arch when proximal to the ductus undoubtedly may 
become occluded or fail to develop normally from some inherent defect 
or othei cause, it is then reasonable to assume that this embiyomc struc- 
tuie when distal to the ductus may also be subject to maldevelopment 
If this occurs in uteio, the collateral circulation may be mapped out and 
developed at the same peiiod and in the same way as other definitive 
arteries, and thus cause little disturbance Since no additional strain 
would be placed on the right ventiicle undei such circumstances, it is 
not surprising that the interventricular septum should develop normally, 
as It usually does in the adult type 

Of the positive arguments that coaictation of this type is the result 
of defective arterial primoi dia, one of the most important is the common 
association of other developmental defects of the vascular system 
Rupture of the aorta without aneuiysm and aneurysm of the aorta or 
of cerebral oi other arteries in nonsyphihtic young peisons so often asso- 
ciated with coaictation are piobably a result of imperfect development 
Bicuspid aortic valve, one of the laie anomalies, is found m about 25 
per cent of the cases in adults, and general hypoplasia of the aorta, 
which seems to be half as common as coarctation, is associated in about 
10 per cent Other examples of serious maldevelopment are not 
infrequent Thus the presence of associated arterial or valvular anom- 
alies IS additional support for the embryonic oiigin of coarctation in 
the adult Furthei, the case from the Mayo Clinic and the several 
reviewed in the literature m which the constriction was proximal to or 
involved the origin of the left subclavian and, above all, the new case 
which I have reported in which the right dorsal aorta was persistent, 
must all have dated from the second month of embryonic life 

In the series of fifty-seven cases m adults which I have leviewed 
definite syphilitic changes m the aoita were found in only two, in a 
number it is expressly stated that theie was no evidence of syphilis 
These figures are in accoid with those of eailier authors As evidence 
of the disease is infrequent m such cases, and since there is little to show 
that syphilis can obliterate a large artery, the bin den of proof that 
syphilis IS of etiologic significance in coarctation rests on supporters of 
the theory that it is 

However, if the challenge to Bonnet’s division with regard to 
pathogenesis is made good, this classification remains of clinical value 
as of the 323 cases of coarctation verified at neciops)'’, death occurred 
during the first year m 125 and during the first decade m 142 Of the 
173 persons who suivived this period and whose ages are given, 112 died 
between the ages of 16 and 40 inclusive, forty-six of these, in the third 
decade 
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In thiee cases, collateral vessels weie looked foi but not found duiing 
life, the diagnosis in such cases would be stiongl) suggested b}^ the 
maiked difteience in blood piessuie m the biachial and femoial aiteiies 
The clinical lepoits of cases studied that came to neciopsy mentioned 
the piesence of collateial vessels twent} -eight times, in these, atiesia 
was found twelve times and extieme stenosis, sixteen, of the eighteen 
definitely diagnosed in life, atiesia was present in eight cases and extieme 
stenosis in ten Postmoitem piotocols show that collateial aiteiies weie 
often ovei looked in life, indeed one case was diagnosed by the 
pathologist fiom external examination The detection of pulsating 
vessels along the veitebial boidei of the scapulas and elsewheic ovei 
the thoiax is therefoie piesumptive evidence of maiked nan owing oi 
occlusion of the aoita at the beginning of the descending pait, although 
extieme stenosis can be distinguished from atiesia only at neciopsy 
Visible pulsation of the aiteiies of the neck, a piolonged systolic muimur 
in the intei scapulai space oi high pulse pi essui e should suggest a seal ch 
foi these Systolic blood piessuie exceeding 150 was found in thiity- 
thiee of thirty-five cases in which the S 3 'stoIic piessuie was given and a 
pulse piessuie exceeding 70 in twenty-two of twenty-seven cases in which 
it was given This high pulse piessuie, togethei with the bruit and tin ill 
over the thyioid gland, emphasize, as Longa pointed out foity yeais ago, 
that these data aie insufficient foi the diagnosis of exophthalmic goitei, 
which they aie likely to suggest Collateial circulation due to mtia- 
thoiacic tumoi is so i aie that it can seldom confuse the pictuie A total 
of eight cases has been lepoited in which no evidence of collateial circu- 
lation M^as found at neciopsy 

In some cases, such as Hordei’s, coaictation is not inti msicall} the 
most impoitant factoi in the death of the patient In this instance, the 
constiiction was mild, and the luptuie of the aoita ivas evidently due to 
defective development at the site of the i uptime and was not secondary 
to the coarctation At least thiity-five cases aheady lefeiied to belong 
in this gioup Theie is anothei group in which the nan owing of the 
tiunk is not maiked and is of merely pathologic inteiest The majority 
of such cases cannot be diagnosed clinically, and it is not impoi tant that 
they should be 

The cii dilation to the lowei pait of the body is sometimes function- 
ally pel feet m cases of extieme coaictation, as pio\ed by the women 
who have borne seveial childien, and it may be only an incidental post- 
moitem obseivation, as is pio\ed b}’’ the men who have led strenuous 
lives as soldieis, sailois oi laboieis Hoveier, it is the duty of the 
physician to recognize, whenei ei possible, coai ctation without symptoms, 
foi aftei symptoms of caidiac failuie appear it is too late to adnse the 
patient that he may have a bettei chance of aioidmg cardiac failure or 
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lupture of a vital vessel These aie leal dangeis in cases of coarctation, 
for 147 persons with coaictation, veiified at neciopsy in a senes of 196 
adults, died fiom causes more or less diiectly i elated to the stenosis 
Sixty-eight died from gradual caidiac failuie, sixteen died suddenly 
fiom the same cause Spontaneous luptuie of the aoita caused the death 
of thirty-eight persons, and cerebral hemorrhage of twenty-five more It 
has been appreciated for some time that there is a peculiar relationship 
between congenital caidiac disease and subacute bacterial endocaiditis, 
m six of the sixty cases in adults leviewed or leported m this papei, 
death occurred in this way, as well as m a number in the eailiei reviews 
Endocarditis was present in anothei instance in this series, and bacterial 
aortitis was the cause of death through rupture of the aoita m two other 
cases 

As 76 of the 180 subjects aged moie than 5 years, whose age is 
available, died during the yeais between 16 and 30 inclusive, and since 
36 others died duimg the next decade, the responsibility of the physician 
who IS consulted by a young peison with this anomaly is great When 
of clinical significance, coarctation can usually, if not always be diag- 
nosed The possibility of detecting it should cause the physician who 
makes loutine examinations of large numbeis of young persons to bear 
it ever in mind It may be emphasized again that many of the victims 
of this condition weie young athletes who died duiing or shoitly after 
exeicise, and who might have achieved their normal life expectancy if 
all unusual strain on the cardiovascular system had been lemoved The 
possibility of the piesence of coaictation is an additional reason foi the 
general examination of every one contemplating violent physical exercise, 
irrespective of his previous health 

When the diagnosis is made, not only should a regimen of limited 
physical activity be presciibed, but all possible foci of infection should be 
removed on account of the danger of bacteiial endocarditis oi aoititis 
There is no apparent indication for dietary lestriction 

SUMMARY 

Narrowing or obliteration of the aorta in the region of the mouth of 
the ductus arteriosus or its vestige is believed to be due to absence, 
atrophy or imperfect development of the left fouith bianchial arch 
Syphilis IS not an etiologic factor 

The division into the infantile t 3 '^pe, m which the constiiction is 
proximal to the ductus, and the adult type, in which it is at or just distal 
to it, though not precise, is convenient morphologically and chmcall}' 

Coarctation has been found in 127 necropsies on infants and young 
children The clinical diagnosis m such cases is of little oi no actual 
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impoitance, because coaictation of the infantile t}pe is lapidh fatal, oi, 
if of the adult t\pe, hardly a factor in causing death 

Coaictation has been found in at least 196 neciopsies on oldei poi- 
sons More than 40 pei cent of these neie fiom 16 to 30 }eais of age, 
and moie than 70 pei cent died fiom cardior ascular causes In addi- 
tion, coaictation in thiity-fiie cases was oveishadoned b} othei caidio- 
vasculai defects of developmental origin 

Coaictation has been diagnosed clinically in soa enty-eight cases and 
coiioborated at neciopsy in twenty-one of these The diagnosis is often 
suggested by an unusually high pulse piessuie oi by a loud systolic 
muimui in the left intei scapulai space, and confiimed by the piesence 
of pulsating superficial aiteries orei the thorax and the diminution or 
absence of pulsation in the abdominal aoita and femoial aiteiies 

Coarctation once diagnosed indicates the iemo\al of possible foci of 
infection and, especially if the patient is a lobust, athletic )'oung man, 
a regimen of limited physical activitv 



CHOXDRO^^IA OF THE SPIXE ASSOCIATED WITH 
A TRAXS^^RSE :^IYELITIS 
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Cartilagirious tumors are irequentl}* encountered as small outgrowths 
from preexisting cartilaginous structures { ecchondroses) and as larger 
growths origmating in cartilage or other tissues (enchondromas) 
Usualh' the larger neoplasms are readily diagnosed because of the ten- 
dency to cause visible deformity- or si-mptoms of obstruction Of all 
the bon}* structures the spine is singularly free from obstructive tumors 
of this t}*pe It is because of the rare occurrence of this condition and 
die tmusual pathologic aspects that the following case is reported 

REPORT OF A CASE 

Chi 'cal H rfori — A negro, a laborer aged 23 in September, 1918 vas con- 
fined to the nospital £or tno veeks vitli an attack of mfluenza In December, 
1918, he complamed of frequent ‘drav mg and sharp shootmg pains m the 
lower part of the abdomen and Doth lover extremities, accompanied and followed 
hr marked veakness of tne legs 

In Januan*, 1919 he suffered an attack of mumps, after vhich weakness of 
the legs became more pronounced He experienced sharp pains m the lover 
part of the back. Withm a period of seven dajs he gradually lost power of 
voluntary* movement m both lower extremities In the followung eleven months, 
he received mtravenous treatment for svphilis (details not available), wuthout 
nnprovement. 

In July 1920 he entered the U S Public Health Semce Hospital, Cape 
klai X J Qimcal notes at this institution indicated the presence of a para- 
plegia. urmaiw and fecal incontinence, nocturia pain in the low er spinal region 
and impaired sensation over both lower extremities 

In September, 1920 he was admitted to the U S Pubhc Health Service 
Hospital 38 Xew York. The foUowmg is a report of a physical exammation 
made at that time 

Phjsical Exat, if.aiioi: — A yoimg negro was lying quietly m bed The knees 
were semifiexed and tne feet extended. Occasional lerkmg movements of the lower 
extrenuties were noted Decubitus ulcers approximately 3 by 5 cm and 2 by 4 
cm. were seen over both buttocks exposmg the muscle tissue There was no 
evident enlargement of the heart. A presystohc murmur was present and confined 
to the apical region, in the upper thoraac region of the spme there was a slight 
dorsal irregularity of contour wnich was markedly tender to pressure. The 
cemcak axillary ana mgunal nodes were palpaDle. 

There wns a temporal pallor of the right opnc disk. The pupils were irregular, 
unequal fthe left bemg nuotic) and sluggish m reaction to lighL Flacad para- 
plegia mvolved the muscles of the lower part of the trunk, causing difficulty in 
mainminmg an upright posture et en v hile sittmg There w ere clonic tremors of the 
legs particularly of the left one. caused by any attempt at volimtary movement oi 
the upper part of the body or passive motion of the leg or foot Tliese moiements 
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ceased on deep pressure The muscles of the legs were flabbj The faradic 

response of the muscles of the right leg and of the thigh nere 01 microfarad, 

left leg, 0 05 microfarad and left thigh, 001 microfarad 

Below a level corresponding with the third rib, tactile pain and thermic sen- 
sation were abolished In this area, the patient could not discriminate between 

two points, and the posture sense of the legs w'as lost The vibratory sense 
tested by means of the tuning fork was interpreted as pain Just above this 
analgesic and anesthetic area was a zone of hyperesthesia and hyperalgesia 
All reflexes were abolished in both low'er extremities There w'as no Babinski 
sign or true ankle clonus The cremasteric and abodminal reflexes were absent 
Imoluntary micturition and defecation were present 

Lahotatoiy Data — ^The Wassermann reaction w'as negative on ^^^e occasions 
One blood culture w'as negative a few days before death, ha\ ing been taken during 
a septic period Three examinations of the spinal fluid were made The following 
report is representative amount, approximately 25 cc , color, xanthochromic, 
turbidity, none, cytologic, 40 lymphocytes per cubic millimeter, globulin, present. 



Fig 1 — ^Lateral view' (left side) of spinal column showing posterior nerve 
root and sympathetic trunk emerging from tumor mass 

sugar, none, colhdal gold test, invalidated by the presence of dissolved hemo- 
globin, Wassermann reaction, negative on three occasions, and gumea-pig 
inoculation, negative for tuberculosis at tlie end of six wrecks 

Roentgcnogi aphic Studies — ^Roentgenographic studies of the chest revealed a 
mass, somewdiat triangular in outline, approximately 5 cm m length and 3 cm 
in wudth, occupying the region of the second rib on the left side The mass 
extended to the median line and invaded the bodies of the first and second dorsal 
vertebrae Examination of the upper dorsal to the lower sacral spine bj means 
of the Dandy technic revealed an ovoid, irregularh outlined mass extending 
from tlie articulation of the third left rib, close to the \ertebral lunction, obliterat- 
ing these structures The mass was distinctly calcareous and probably not 
malignant 

Clinical Couise — The clinical course was marked bj a gradual deielopment 
of sepsis due to the progressive extension of decubitus ulcers on the buttocks 
Death occurred on Oct 15, 1920, approximateh two rears after onset of the 
sj mptoms 
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Gloss Pathology — The specimen submitted for examination consisted of a 
resected portion of the spinal column, including the spinous processes and bodies 
of the last t^\o cer\ical and upper three dorsal \ertebrae with about 5 cm of 
rib attached to three of the latter Extending anteriorh and to the left, in\olvmg 
the spinous processes and posterior aspect of the bodies of the first and second 
dorsal vertebrae and adjacent portions of the ribs on the left side vas a hard, 
grayish, partly translucent, smooth, irregularl} lobulated tumor The lobules 
varied m size from 2 to 25 mm A posterior ners^e root and what was appar- 
ently a trunk of the S3mpathetic nerve were seen to emerge, somewhat distorted, 
between and firmlj" embedded in lobules of the tumor On remoiing the laminae 
of the involved and adjacent vertebrae, the mass was seen to project directly 
forward into the spinal canal for a aistance of from 15 to 17 mm o\er a vertical 
extent of 40 mm The posterior nene roots were stretched taut, and the cord 
itself, covered bi*^ its membranes, was compressed to a mere ribbon A small 
amount of old clotted blood vas seen in two small triangular spaces just above 
and below that portion of the tumor which projects into the canal Many small 
varicosities were to be seen on the posterior surface of the vertebral bodies for 



Fig 2 — Lateral view (right side) of spinal column, with lanunae removed, 
showing the tumor projecting forward into the spinal canal and compressing the 
cord (Arrows point to cord ) 

a short distance above and below this region Some calcified portions and small 
round areas of C 3 'stic degeneration were evident in the larger lobules T 3 pical 
golden 3 "ellow spinal fluid was present in the canal below the tumor mass By 
careful dissection, a perichondrium could be demonstrated encapsulating the 
tumor, and septums of connective tissue separated tlie lobules The cut section 
was t 3 pically bluish and translucent 

M-ic) oscop-ic Pathology — Sections taken from one of the larger lobules 
showed a mixed h 3 aline and fibrocartilaginous structure The cells appeared to 
be more numerous than m normal cartilage The 3 ' occurred smgl 3 ’- or in groups 
of from two to six bmg in clear elongated cell spaces The 3 " appeared to be 
almost round, except w'here many w^ere grouped together, in w'hich case the 
opposing surfaces w'ere flattened Variations m size, irregularit 3 ’^ and distribu- 
tion and arrangement indicate an abnormal cartilaginous structure Thin sections 
do not take a deep stain with hematoxvlin-eosm 
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EPICRISIS 

Clinical Aspects — The etiology of chondroma is not ah\a\s clear 
The majority of these tumors occur earh in life, about the time of 
puberty Most chondromas occurring in connection uith bone begin 
before ossification of the epiphysis has occurred, at a period in uhich 
the bone is actively growing and vascular Multiple chondromas of the 
spine are hereditary and congenital The hereditary predisposition is 



Fig " 3 — Roentgenographic appearance of tumor mass (anteroposterior \ie\\) 
Note the diffuse distribution of calcareous deposits Positne print 


stressed by Weber/ who obsened this t}pe of tumor m seieral mem- 
bers and three generations of the same family Herxheimer - attributed 

1 Weber, C 0 Die Knochengeschu ulste, Amtl Ber u d ^'ersamml 
deutsch Naturf u Aerzte, Gottingen 31.164, 1860 

2 Herxheimer, G Grundlagen der pathologischen Anatomic, ed 2 and 3, 
p 102 
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many of these chondromas to heterotopic rests, while Virchow ® pointed 
out that the frequent occurrence of chondroma in young people is 
caused by displaced cartilaginous islands cut off during endochondral 
ossification Borst ^ described isolated islands of cartilage m rachitic 
bone, and Muller ® found similar deposits in the periosteum of the 
ribs The theory of heterotopic rests is probably not applicable to all 
chondromas, as periosteum and endosteum normally form cartilage 
readily Trauma and inflammation aie factors m some cases In this 



patient the onset of symptoms following influenza and mumps appealed 
to be significant A possible infection of the intervertebral disks 
followed by marked overproduction of cartilage — a process so common 
in the negro — ^might account for the formation of a chondroma 


3 Virchow, R Deutsche Kim 9 90, 1864 

4 Borst, M Pathologische Histologie 2 342, 1926 

5 Muller, E Beitr z path Anat u z allg Pathol , vol 57, pp 232-281 
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Transverse lesions of the spinal coid as a result of caries or tumor 
of the spine are rarely complete In total transverse lesions, there is 
complete sensory and motor paralysis and complete loss of tendon 
reflexes m parts supplied below the segmental level of the injury The 
muscular paralysis is of the flaccid type, with rapid wasting and loss 
of faradic excitability The development of paraplegia is giadnal and 
usually precedes the loss of sensation The eaily symptoms aie weak- 
ness of the lower limbs oi peculiar sensations of numbness, tingling or 
pins and needles It is mteiesting to note that paraplegia caused by 
pressure on the spinal cord may peisist foi as long as a yeai and yet 
recovery be complete aftei removal of the tumoi The zone of hyper- 
esthesia described in this case is not always present There is loss of 
sphmctenc control (bladder and rectum) Certain skin reflexes may 
occasionally persist (e g , plantar reflex with dorsal flexion of the 
great toe) 

Physiologic Aspects '^ — Based on piesent knowledge of the func- 
tions of the tracts, the location and extent of neuro-anatomic injury 
in the case presented may be stated biiefly as follows (1) Sensory 
pathways funiculus giacihs, cuneatus, cerebellospinalis, anterolateialis 
supeificialis, ceiebrospmalis lateialis, lateralis propnus, which consti- 
tute long ascending tracts m the posteiior and lateral funiculi of the 
cord Their function is to convey muscle sense Shoit association 
tracts of the lateial and antenoi funiculi, which are piobably the path- 
ways for touch, pain and temperatuie (2) Motor pathways funiculus 
cerebrospmalis lateialis et anterior, mteimediolateialis, which control 
voluntaiy movement (3) Reflex pathways In this connection, men- 
tion may be made of the physiologic centers foi defecation and bladder 
control These probably he m the lumbar cord, both acts being in the 
nature of involuntary leflexes 

In explanation of the length of time the patient survived an almost 
total depiivation of most of the spinal cord, it is interesting to recall the 
experiments of Goltz and Ewald ' In steps, they removed the entire 
cold except the cervical and a small part of the upper thoiacic regions, 
thus simulating the lesion m my patient With great after-caie they 
succeeded m keeping their animals alive for a long period, the digestn e 
circulatory and excietory organs performing m a normal manner This 
indicates that the visceral organs are more independent of direct control 
by the nervous system The adaptability of the cordless portion of 
the animal and the power to presence a constant body temperature ere 
less than noimal and the susceptibilit} to inflammatory disturbance 
greatly inci eased The gradual loss of functioning cord tissues by 

6 Ho\vell, W H Text Book of Plnsiologv, Philadelphia, W B Saunders 
Companj, 1911, 155-156, 168-182, 244-250, 722-723 and 843-844 

7 Goltz and Ewald Arch f d ges Phjsiol 63 362, 1896 
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pressure of the tumor probably afforded an opportunity for the patient, 
as in the case of Goltz’ animals, to adapt himself to a modified mecha- 
nism of nervous control Clinical reports indicate recovery of func- 
tion after removal of tumors which have compressed the spinal cord 
for as long as a year 

Histologic Aspects ® — Cartilage is a tissue of mesodermal origin 
The cartilage cell seems to be an end-product of the connective tissue 
cell which has acquired the special function of producing fibrogha, 
collagen or elastic fibrils and the ability to secrete a dense homogeneous 
intercellular substance known as chondromucin ® In the piocess of 
transformation, the fibroblast becomes spherical or flattened and appears 
to lose its fibrogha fibrils At first the cartilage is wholly cellular 
As the intercellular substance increases, lighter and denser areas aie 
formed about individual cells or groups of cells giving the appearance 
of hyaline capsules Hyaline, fibrous or elastic cartilage results depend- 
ing on the nature and quantity of the intercellular matrix New 
cartilage is always the product of cells at the pei iphery which are 
more like fibroblasts in appearance The latter cells form a fibrillar 
connective covering, the perichondrium, which blends almost imper- 
ceptibly with the superficial layers of cartilage In a similar manner, 
cartilage cells may arise from fibroblasts composing periosteum The 
cartilage cell possesses ameboid properties and is prone to metaplastic 
change 

Pathologic Aspects — Cai tilaginous growths occurring as simple 
hyperplasias of preexisting cartilage are usually multiple and small, 
springing from the edges of the articular cartilage and passing through 
the capsular ligament This type of hyperplasia is generally referred to 
as an ecchondrosis and is probably the result of chronic irritation The 
ribs, larynx, intervertebral disks and the area about joints are rather 
common sites The general structure is that of normal hyaline or 
fibrocartilage, being surrounded by a normal perichondrium which, 
according to von Rindfleisch,’^- is the point of origin 

True progressive neoplasms composed of cartilage occur in the same 
regions as ecchondroses, but also in soft tissues and internal organs 
This type of tumor is known as chondroma or enchondroma and is 

8 Bailey, F R Text Book of Histology, New York, William Wood & 
Company, 1910, p 90 

9 Mallory, F B The Principles of Pathologic Histology, Philadelphia, 
W B Saunders Company, 1923, p 291 

10 McFarland, J Surgical Patholog 3 % Philadelphia, P Blakiston’s Son & 
Company, 1924, p 243 

11 MacCallum, W B Text Book of Pathology, Philadelphia, W B 
Saunders Company, 1924, p 950 

12 Rindfleisch, E Lehrbuch der pathologische Gewebelehre, Leipzig, 1886, 
p 155 
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often probably the sequel of a simple h}pei plasm It is found most 
fiequently on the metacarpal bones and phalanges, usually being multi- 
ple and at the epiphyseal line The femur, i ibs, scapulae and pelvis ai e 
not infrequent sites The t}pical chondioma is usually seen as a dense 
rounded, nodulai or lobulated tumoi, appealing tianslucent, pale bluish 
01 opalescent white on section The gross appearance depends laigely 
on the age, lapidity of giowth, state of iiutiition and type of cartilage 
making up the tumor The size may vary from a single small tumoi 
weighing a few grams to a laige lobulated mass of seveial kilogiams 
(pelvis) Theie is an encapsulating dense layei of connective tissue 
made up paitly of peiichondiium, which is the sotiice of giowth and 
partly of displaced and compiessed connective tissue deiived fiom the 
invaded area The lobulation is outlined by fibious vasculaiized septums 
which spring from the capsule and, according to Ewing, lepresent 
giowths fiom multiple centeis Nutrition is maintained by a system of 
lymph spaces from the peiipheiy of the lobule (von Rindfleisch and 
Boist^®) Chondiomas aie usually bioadly connected with bone oi 
caitilage They may be paitly embedded in the maiiow cavity, the 
supeificial poition breaking thiough the coitex The external oi pen- 
osteal chondioma may, by piessuie atiophy, cause the foimation of a 
fossa in the suiface of the bone The centially situated chondromas 
are usually multiple Some cases have been lepoited m which neaily 
eveiy bone was involved 

Secondaiy changes aie common Calcification or ossification, 
mucinous degeneiation with cyst foimation, are the usual changes 
encounteied The tendency to calcification or ossification appeals to be 
enhanced by the piesence of many vasculaiized septums of the con- 
nective tissue Viichow^^ and von Recklinghausen believe that the 
highly vascularized aieas found about many chondiomas play an impor- 
tant pait m the development of the tumoi Blood vessels may grow 
into the caitilage as in noimal endochondral ossification and conveit 
it into bone Ossification is most common in tumoi s spiinging from the 
junction of epiphj’-sis and shaft of a long bone Cysts filled with 
mucinous, seious or fatty mateiial may be formed Large tumors 
which leach the skin may stietch it and cause ulceration Most 
chondromas occuiiing m connection with bone begin before ossification 

13 Von Rindfleisch and Borst, in Ewing, T Neoplastic Diseases, Phila- 
delphia, W B Saunders Compan^, 1922, pp 185 and 189 Delafield, F, and 
Prudden, T ]\I Text Book of Patholog^, New^ York, William Wood & Com- 
pany, 1925, p 402 

14 Virchow^ R Cellular Pathologr, trans bj Chance, New York R M 
De Witt, 1860, p 445 

15 Von Recklinghausen jMultiple Enchondrom der Knochen m Verbmdung nut 
multiplen phlebogenen carernosen Angiomen der bedeckenden V'eichtheile, 
Virchow's Arch f path Anat 118 4, 1889 
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of the epiphysis has occurred, at a period when the bone is actively 
growing and vascular 

The microscopic processes in chondroma are largely the same as 
those seen in the structure of normal cartilage Einst^® described all 
of the variations in great detail Any or all three types of cartilage 
may be found in one tumor, but hyaline cartilage is most fiequently 
seen Ranvier divided chondromas into four groups (1) single lobe 
of hyaline cartilage, (2) several lobules of hyaline separated by fibro- 
cartilage, (3) fetal cartilage, and (4) cartilage with stellate cells The 
general appearance of the cells resembles that of normal cartilage, 
except that they vary greatly in size and shape and in the orderly group- 
ing of cells lying m lacunae with opposed surfaces flattened The cells 
may contain vacuoles (“physaliden” of Virchow), mucin or calcium 
gianules Glycogen and fat granules are commonly present The size 
and shape may vary from large pol)^morphous cells to stellate rounded or 
small spindle-shaped forms, the latter lying near the periphery and 
constituting the actively growing portion of the tumor This region 
adjoins the vascularized stroma which, by means of its septums sepa- 
rates and brings nutriment to the individual lobules As growth pro- 
ceeds, this stroma is stretched, and the cells farthest removed from it 
are apt to undergo mucoid degeneration, calcification or necrosis 

The matrix of a chondroma is usually hyaline, but may be fibrous or 
elastic Calcium deposits first affect the matrix and appear as deeply 
basic staining granules made up of phosphate and carbonate Ribbert 
IS of the opinion that the matrix is a product deposited under cellular 
influence The younger portion of the tumor is apt to be more cellular 
and contain less matrix The cells may or may not possess a capsule 
According to Aschoff,^® the young cells generally are devoid of a capsule 
When present, the capsule shows a fibrillated structure 

SUMMARY 

A case of chondroma of the spine associated with transverse myelitis 
IS described The slow development and benign character of the tumor 
suggest that even delayed surgical measures may be consistent with 
cure Persistent arsenical treatment of a negro with symptoms pointing 
to a lesion of the spinal cord should be avoided without preliminary 
roentgenographic studies of the spine 

667 Madison Avenue 

16 Ernst, P Ueber den feineren Bau der Knorpelgeschwulste, Beitr z Path 
Anat 38 67, 1905 

17 Ranvier Contribution a I’etude de la structure et du developpement des 
tumeurs cartilageneuses. Bull de la Soc Anat de Pans 40 534, 1865 

18 Zeigler, E General Pathology, trans by Svmmers, New York, William 
Wood & Company, 1921, p 298 

19 Aschoff, L.' Pathologische Anatomic, Jena, G Fischer, 1913, p 690 



THE RECIPROCAL RHYTH.M 


REPORT or A CASE IN WHICH AURICLLAR TACHYCARDIA WITH 
PARTIAL A-V DISSOCIATION AND ATRIOA ENTRICUL \R BRADY- 
CARDIA, WITH RECIPROCATING RHYTHM, WERE PRESENT - 

willia:^! dock, md 

STANFORD UNUTIRSITV, CALIF 


In 1913, Mines ^ described a curious rlnthm occurring in the heart 
of the ray and of the frog after electrical stimulation This ih}thm 
continued for a considerable period after a single shock, and could be 
interrupted and abolished by a second stimulus applied either to auricle 
or ventricle The mechanism consisted of a sequence of auiicular and 
ventricular contractions, equally spaced and apparently due to an 
impulse originating in either chamber and transmitted OAer the usual 
conduction path to the other, returning again to the first OAer the same 
pathway and repeating this process indefinite!} Mines assumed that 
part of the conduction pathway must liaA^e been refractoiy during the 
passage of the impulse in one direction, with recovery and transmission 
in the opposite direction when the second chamber contracted and while 
the initially active fibers were refractor} 

A similar mechanism has not been obserA^ed in the heart of mammalia, 
either experimentally or accidentally HoueAer, in 1924, Drury- 
lecogmzed the similarity betAveen the “reciprocating rlnthm” of Mines 
and a type of bigeminy AA'hich occuis during atriOA entricular rh}thm in 
man In this condition an auricular beat falls near the end of s} stole of 
the first A entricular beat of the couplet 

This arrh}thmia AA'as first described b} Wenckebach^ in 1906, from 
pol} grams taken of a bo}, aged 12 }ears, AAith compensated rheumatic 
heart disease He interpreted these curA es as sIioaa mg dissociation of the 
auricles, the left auricle maintaining a steady rh}thm in the A^entricles 
the right auricle beating more sIoaa 1} M’hen the right auricle contracted 
after the refractory period of the Aentncles had ended they responded 
to it, giAing the appearance of an interpolated extras} stole m the tracing 

^^■From the Department of Medicine, Stanford Unncrsih School of l^Iedicine 

1 Mines, G R On DAnamic Equilibrium in the Heart Reciprocating 
Rhythm, J Phjsiol 46.376, 1913 

2 Drurj , A N Paroxj smal Tacln cardia of A-V Xodal Origin Exhibiting 
Retrograde Heart-Block and Reciprocal Rh}thm, Heart 9*405 1924 

3 Wenckebach, K F * Beitrage zur Kenntnis der menschhchen Herztatig- 
keit Ueber Dissoziation der Tatigkeit beider Vorkammern, Arch f Anat u 
Phjsiol, Ph\siol Abteil , p 349 and Taf W, p 561, 1905 
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of the radial pulse As polygraphic cur^es illustrative of this disorder 
are rare, I have reproduced one of Wenckebach’s curves (fig 1) 

The electrocardiogi am of this type of bigemmy was desciibed by 
Gallavardin ^ in 1914, in two patients who had nodal rhythm as a result 
of the administration of atropine or of ocular pressure Gallavardin 
regarded the auiicular and ventricular complex which composed the 
second half of the couple as a normal supi aventi iculai beat White, ^ 
who reported a similar case m 1915, desciibed the second ventricular beat 
as due to a return to the ventricle of the impulse which had reached the 
auricle by retiogiade conduction He reported three later cases,® Galla- 
vardin reported another,’' and Wilson ® observed the same phenomenon 
m a patient in whom nodal rhythm was a result of atropine medication 
Wilson explained the coupling as due to ventricular response to an 
aui icular beat falling between the R and T wa\ e Bishop ® reported a 



Fig 1 — Polygram published in 1906 by Wenckebach showing nodal rhythm, 
with progressive lengthening of interval between ventricular (c) and auricular (a) 
waves At E the auricular wave comes after the refractory period of the 
ventricle and a reciprocal beat (c and on the radial pulse curve) follows 


4 Gallavardin, L , Dufourt, P , and Petzetakis Automatisme ventriculaire 
intermittent, Arch mal du coeur 7 1 (Jan ) 1914 

5 White, P D A Study of Atrioventricular Rhythm Following Auricular 
Flutter, Arch Int Med 16 517 (Oct ) 1915 

6 White, P D The Bigeminal Pulse in Atrioventricular Rhjdhm, Arch 
Int Med 28 213 (Aug ) 1921 Jones, T D , and White, P D Atrioventricular 
Nodal Rhythm, Am Heart J 2 266 (Feb ) 1927 

7 Gallavardin, L , and Gravier, L Bradj'cardie nodale permanente. Arch 
d mal du coeur 14 71, 1921 

8 Wilson, F N The Production of Atrioventricular Rhythm in Man After 
the Administration of Atropine, Arch Int Med 16 989 (Dec ) 1915 

9 Bishop, L F Specific Action of Atropine m Relieving Certain Irregulari- 
ties of the Heart Beat, J A M A 77 33 (July 2) 1921 
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case of nodal rli}thm in which bigemin} occiined as a icsiilt of ati opine 
medication He, like Gallavardin, regarded the couple as due to a noi mal 
beat interpolated in an atrio\ entriculai rh} thin Petei s considered the 
second beat as a “sinus extras) stole ” The reciprocal rh) thm, so named 
by Drury, diffeis from the i eciprocating i In thin of Mines in that 
the mechanism is not constant but consists of a single \entucular 
response to an auiicular beat arising fiom the atiio\entricular node 
and occuiimg late in relation to the ventriculai beat which oiigmated 
simultaneously In both reciprocal and i eciprocating ih)thm, partial con- 
duction in both directions is postulated to account foi the return of an 
impulse over a pathway which it has just tra\ersed Pait of the conduc- 
tions system must be refractory during conduction m one diiection, and 
part during conduction in the opposite direction 

White found that atropine inci eased the late of the atiioventiiculai 
rhythm without affecting the coupling, the fast rate leading to a pio- 
longed R-P inteival This is confirmed by the action of ati opine in 
Bishop’s case and m our own In one case,' the coupling resulted fiom 
a prolonged R-P interval due to vagal stimulation In our case vagal 
piessure diminished the tendency to coupling The disturbance of vagal 
and sympathetic tone necessary for the occurrence of atiio\entuculai 
ihythm seems to vary from case to case Although vagal lelease seems 
to be the most constant cause, increased vagal tone fb\ digitalis or oculai 
piessure) is at times an effectue agent It seems leasonable to believe 
that the same factois which cause nodal rhjthm uill lead to leciprocal 
ihythm if they act more intensely, for the gi eater the atiioventiicular 
late and the degiee of letiograde block, the moie often will reciprocal 
beats occur 

In the case to be described, the sequence of events is of inteiest 
Auiicular tachycardia was piesent foi twenty-tv o days, then nodal and 
reciprocal rhythm appeared when the patient was fully digitalized and 
gradually reverted in four days to sinus rhythm Eiglit da) s later, there 
was a recuirence of persistent nodal and reciprocal rh}thm The varia- 
tion in degree of bundle bianch block in the reciprocal beat is also note- 
woithy Its occurrence in couples of shortei duiation and its absence 
in those which are longer is significant of the critical state of the entiie 
conduction s)stem during leciprocal rhythm 

REPORT or CASE 

The electrocardiographic records to be described were obtained during a 
se\ere break in compensation of a women, aged 38, who for ten jears had had 
eiidence of heart disease due to mitral stenosis Although ascites, hepatic 
enlargement and cjanosis W'ere marked, orthopnea was notabh absent at all 


10 Peters, J T Beitrag zur Kenntnis der irregularen Bradicardicn beim 
Alenschen, Wien klin Wchnschr 36 1307, 1924 



748 


ARCHIVES OF INTERNAL MEDICINE 


times Palpitation on effort had been present for some time, but a persistent 
tachycardia during rest and activity first occurred sik days before these observa- 
tions Degan Two days before the first records were taken, she had a regular 
thready pulse, 170 per minute, but on rest m bed a regular rate of 80, occasionally 
falling to 40 or 60 and then becoming somewhat irregular, was observed The 
jugular veins were distended, the jugular pulse was 160 or more The clinical 
diagnosis was auricular flutter, mitral stenosis and myocardial insufficiency 

Awicidar Tachycai dia oi Flutter , Paitial Heatt Block — Electrocardiographic 
records taken on September 10, 14, 19, 20 and 21 (fig 2) all gave evidence of 
an abnormal auricular mechanism, with diphasic P waves recurring regularly 
The auricular rate over these twelve days varied only between 180 and 186 The 
ventricular complexes occurred irregularly at all times except on September 19, 
when the ventricular rate was 90 and the auricular, 180 In all other tracings 
ventricular responses occurred in response to every second to fourth auricular 
beat While it is well recognized that slow auricular flutter may give auricular 
complexes simulating the normal, it seems more logical when evidence of con- 



Fig 2 — Leads I, II and III of electrocardiogram made on September 10, 
showing auricular tachj'cardia, partial heart-block, 4 1, 3 1 and 2 1 rhythm 
Auricular rate 186 per minute 


tinuous auricular electrical activity does not occur in any of the leads to con- 
sider the disturbance as due to paroxysmal tachycardia rather than to flutter 
Vagus and ocular pressure failed to affect the auricle in this case, and these 
procedures did not increase the degree of block above 4 1 The patient, who 
weighed only 100 pounds (45 4 Kg), received 18 Gm of powdered digitalis 
during the first thirty-six hours after the first observation, and 0 2 Gm daily 
thereafter, without any demonstrable effect except an inversion of the T wave 
The records are similar to those in the three patients who had auricular tachy- 
cardia with partial block described by White ” 

Atrioventricular Biadycardia, Retiogiade Conduction and Recipi ocating 
Rhythm — On September 25, the pulse was found to be slow, with occasional 
coupled beats Digitalis was discontinued The total dose in sixteen days was 
5 Gm 


11 Sprague, H B , and White, P D Heart-Block During Auricular Paroxys- 
mal Tachycardia, M Chn N Amer 8 1855, 1925 
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The electrocardiogram taken the next morning (fig 3) demonstrated a nodal 
bradycardia, the interval between single ventricular beats indicating a rate of 37 
per minute P waves, resembling the diphasic auricular complex seen during 
the tachycardia, occurred superimposed on, or directly after, these single beats 
Coupled beats predominated, only a few single beats occurring each minute 
The couples consisted of a nodal beat with the P wave falling 036 or 046 seconds 
after R and on or after T, and a similar Q R S complex from 026 to 042 seconds 
after this P wave The briefer the R-P interval, the longer w as the corresponding 
P-R interval 

During the afternoon (fig 4) the mechanism was practically the same, except 
that in two instances the P wave, erect and notched, pieceded isolated ven- 
tricular complexes by 0 12 and 0 19 seconds and the foim of the reciprocal Q R S 
w'as t 3 '^pical of left bundle branch block m man\, but not in all, of the 



Fig 3 — Electrocardiogram made on morning of September 26, showing 
atrioventricular rhythm and retrograde conduction The P waves of most nodal 
beats fall on the T w'aves and are follow^ed by a ventricular beat When the P 
w'ave falls at the end of the Q R S complex, a reciprocal ventricular beat docs 
not follow' The A-V rhythm has a rate of 37 per minute The R-P inter\als 
w'ere 0 32 to 0 44 seconds 



Fig 4 — Electrocardiogram made on the afternoon of September 26 In two 
instances the P wave precedes the nodal Q R S In^erted T wa\es are shown 

couples When the P-R interval w-as 0 38 seconds or more, a normal \ entricular 
complex follow'ed On September 27 (fig 5), the nodal rlnthm was still present, 
the rate W'as 60 per minute and C 3 'cles from 4 to 11 beats in length showed the 
P wave first preceding, then coinciding with, and later falling behind, the Q R S, 
and finally falling early on the T wa\e and pro%oking a reciprocal ventricular 
response, which occasionally approached the confiuration of the left bundle 
branch block The P wa\es preceding the Q R S were erect but deeph notched, 
those w'hich followed W’ere diphasic The T w'a^es, nnerted on the prciious da 3 , 
\\ere now' erect 
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The following day (fig 6) short runs of sinus rhythm, with erect, notched P 
waves, at a rate of 100 per minute, occurred m all tracings, although the pre- 
dominant feature was nodal rh 3 'thm, at a rate of 78 per minute During the 
sinus rhythm, the A-V conduction time was 0 2 seconds When nodal rhythm was 
present an occasional diphasic P wave preceded the Q R S by as much as 0 16 



Fig 5 — Electrocardiogram made on September 27, showing atrioventricular 
rhythm with frequent auricular escape The escape occurs in cycles, commencing 
after a reciprocal beat, the P-R interval decreasing progressively until retrograde 
conduction and finally a reciprocal beat occurs and the cjcle is repeated Erect 
T waves are shown The mechanism here is similar to that in figure 1 



Fig 6 — Leads I, II and III of electrocardiogram made on September 28, 
shoiving a condition similar to that in figure 4, but -with short runs of sinus 
rhythm, with a rate of 100 The difference in form of the normal and retro- 
grade P waves IS fairly well marked Erect T waves are showm 



Fig 7 — Electrocardiogram made on September 29, showing normal sinus 
rhythm, right ventricular preponderance, notched P waves and inverted T waves 


seconds Each subsequent P wave fell later m relation to the ventricular com- 
plex, until finally a P w'ave fell on the T and a reciprocal beat followed The P-R 
conduction was 0 32 to 0 40 seconds, and the second ventricular complex was 
of low voltage It w'as followed either by another cycle of nodal rhythm 
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in which the first P wave again preceded the Q R S, or, more rareh, b} a 
brief resumption of sinus rhythm 

On the next daj (fig 7) and thereafter for se\eral da^s normal sums 
rhythm, at a rate of 78 or 80 wnth notclied P wa\es and right \entricular pre- 
ponderance, w'as present This normal mechanism continued until October 6 
(fig 8), w'hen a slow rate and coupling w'ere again obser\ed Electrocardiograms 
made between September 29 and October 6 show^ed a normal mechanism, those 
made on October 6 showed short runs of apparently normal mechanism, with a 
P-R interval of 021 seconds, although the rate was only 50 and suggested an 
atrioventricular rhythm originating high in the node These runs of apparenth 
normal beats Avere rare and terminated in an abrupt change to A-V rh3thni, 
wuth a rate of 42 per minute and numerous reciprocal beats The left bundle 
branch block w'lth the shorter P-R intervals was again present The patient was 
given ox3'gen from a basal metabolism spirometer for seven minutes, during 
which time the mechanism remained unchanged Observations made from this 
time until October 11 constantly showad nodal rh3thm, w'lthout any more runs 



Fig 8 — Electrocardiogram made on October 6, showing a slow' supraven- 
tricular rh3'thm probably originating in the sinus, although the rate is only SO 
per minute The rhythm abruptly goes over into atrioventricular rh3thm, with 
a rate of 42 per minute with frequent reciprocal beats 



Fig 9 — Electrocardiogram made on October 7, showing effect of right vagal 
pressure The nodal rate was 46 per minute 

of beats of supraventricular origin The patient had improved somewdiat, and 
had not received digitalis after September 25 She returned to her home on 
October 11 

On October 7, observations on the effect of vagal pressure, of atropine and 
of am3d nitrite w'ere carried out (fig 9) Se\en trials of \agal pressure, two 
left sided and five right sided, demonstrated an immediate slight slowing of nodal 
rate, an increase in auricular escape and a decrease in coupling R-P intcr\als 
W'ere decreased and P-R intervals lengthened The effect of atropine (fig 10) 
W'as ob\ious in five minutes and continued for an hour The at^o^ entricular 
rh3'thm w'as accelerated, the R-P interrals were longer and more uniform in 
duration, and the P-R inter\als W’ere slighth shorter Coupling was much more 
constant, single beats w ere rare, and auricular escape did not occur Am3 1 nitrite, 
inhaled until giddiness was marked, failed to produce 3113 additional effect one-half 
hour after atropine was gnen These effects are essentialK in agreement with 
those of White and Bishop 
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In most cases of reciprocal rhythm variations in the form of the second 
ventricular complex: are noted, but this case seems to he unique in that it dem- 
onstrates clearly the relation of the interval between the first and second ventricu- 
lar complexes to the occurrence of reciprocal beats of aberrant form Normal 
ventricular complexes and bundle branch block occur in the same tracings con- 
stantly The block occurs when the interval between the two beats is relatively 
short, and by measuring the length of the intervals in which block occurs 
and those in couples with normal intraventricular conduction, one can measure 
the refractor^’- period of the left branch of the bundle This varies from day to 
day On September 26 the duration of the refractory period lay between 064 
and 0 69 seconds , on September 27, between 0 47 and 0 55 seconds , on September 
28, it was less than 044 seconds, on October 6, it was between 066 and 070 
seconds , on October 7, it was between 0 60 and 0 68 seconds The same relation 
of aberrant supraventricular complex m the second beat of a couple to the dura- 
tion of interval between the two beats was noted by Scherf“ in a case in which 
coupling presumably was the result of 2 1 sino-auncular block with ventricular 
escape The curves that were published seem typical of reciprocal rhythm 

That the conducting system above the bifurcation of the bundle is also in a 
critical state is demonstrated by the relation between the R-P and P-R intervals 
of the coupled beats While the sum of R-P and P-R intervals varies from day 



Fig 10 — Electrocardiogram made on October 8 The upper tracing was made 
ten minutes and the lower thirty minutes, after the administration of atropine, 
1/50 grain (1 3 mg ) subcutaneousl}'- The nodal rate was 68 per minute 

to day, It IS apparent here, as was noted bj"^ Scherf “ experimentally, that the 
duration of the P-R interval varies inversely with that of the preceding R-P 
That part of the conducting S 3 "stem below the site of origin of the nodal rhythm 
undoubtedly carries both the nodal and the reciprocal impulse, and the rate 
of conduction in this part of the path of the reciprocal beat probably varies 
ln^ ersely with the time consumed by the impulse going to and returning from the 
auricle The double pathway postulated by Drury extends from the site of 
the pacemaker in the node to the auricle and back again, and it is known that 
retrograde conduction over this pathway ma 3 '- be slow and varies inversel 3 ^ with 
the rate of the nodal rhythm It therefore seems reasonable that the fibers which 
are refractory to the retrograde impulse will have recovered more completely 
and conduct more rapidly when the R-P interval is greatest Hence, the shorten- 
ing in P-R with lengthened R-P can be a summation of effects in the portions of 
the path of the reciprocal impulse above and below the site of the pacemaker 
in the node 


12 Scherf, D , and Shookhoff, C Experimentelle Untersuchungen “uber 
die” Umkehr Extrasystole, Wien Arch f inn j\Ied 12 500, 1926 
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A case of atiio\entncular ih}thm is reported in \\lnch retiograde 
conduction and recipiocal iliythm were piesent, and in \\lnch left bundle 
branch block occuiied at times in the recipiocal beat 

The fiist period of nodal rlnthm followed tnent}-h\o da\s of 
paroxysmal auncular tachycaidia nith paitial heait block, it lasted 
foul da}s, and the ihythm gradually ie\eited to noimal Nodal 
ihythm reclined m eight days and continued for the six days that the 
patient remained under obsen'ation The effects of vagal piessure and 
of the administiation of atropine were observed 



EXPERIMENTAL OBSTRUCTIVE JAUNDICE 


II MODIFICATION OF THE PARATHYROID TETANY MECHANISM 

IN JAUNDICE * 

WILLIAM C BUCHBINDER, MD 

AND 

RUTH KERN, MS 

CHICAGO 

Fairly conclusive eMdence that one oi more of the metahohtes aiising 
in obstructive jaundice may produce a functional or structuial alteration 
m some part of the mechanism producing tetany is aftorded by the 
absence or diminution m the neuromuscular response under conditions 
in which severe tetany would otherwise be evoked The evidence is 
threefold In the late obstructive jaundice of puppies induced by liga- 
tion and division of the common bile duct, a marked lowering of the 
blood serum calcium occurs, which may reach the tetany le\ el ^ Apart 
from certain intercepting factors, the eaily precipitation of tetany might 
be expected in very young animals with severe injury to the liver 
and disturbance in the intestinal tract Some apathy and slight depres- 
sion occur as a rule As a further test of the foregoing h}pothesis,- 
the parathyroids weie removed from animals with obstructive jaundice 
In a preliminary report ® of the effect of thyroparathyroidectomy on the 
jaundiced animals, attention was called to the absence of manifest tetany 
m more than half of the puppies and the relatively long suivival period 
of the adult animals that showed a marked diminution m the severity 
of the tetany By such crucial experiments, we were able to evaluate 
the parathyroid factor and were led to conclude that the parathyroids 
had not assumed an added function or were playing some idle in 
keeping the animal free from tetany, m so far as jaundiced animals on 
which parathyroidectomy had been pei formed also revealed apath)’’ and 

^ From the Nelson Morns Fund and the John D and Fannie K Hertz Fund 
of the Michael Reese Hospital and the Nelson Morris Institute for Medical 
Research, and the Department of Ph 3 ’^siologj’^ of the University of Chicago 

1 Buchbmder, William C, and Kern, Ruth Blood Calcium Deficiency m 
Experimental Obstructive Jaundice, Am J Plij^siol 80 273 (April) 1927, 
Experimental Obstructive Jaundice I Growth Factor in Defective Calcification, 
Arch Int Med 40 900 (Dec ) 1927 

2 Buchbmder, William C , and Kern, Ruth Blood Calcium Deficiency 
and Bone Changes in Experimental Obstructive Jaundice, Am J Phvsiol 81 468 
(July) 1927 

3 Buchbmder, William C , and Kern, Ruth The Effect of Thyropara- 
thyroidectomy on the Jaundiced Animal, Proc Soc Exper Biol & Med 25 3, 
1927 
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muscular atony and died from what appealed to be cnculatoiy failuie 
Lastly, the observation of fairly pioinpt relief fioiii tetany, e\en though 
transient, is offered as a third piece of evidence 

METHOD 

Fourteen adult dogs were th} roparathyroidectomized after jaundice had been 
induced by division of the common duct between ligatures The duration of 
the jaundice ranged from one to thirty days Tlie same procedures weic 
carried out on ten puppies from 8 to 10 weeks of age whicii comprised parts 
of three litters Two additional pups, nonjaundiced litter mates, which vere 
thyroparathyroidectomized served as controls 

Blood serum calcium determinations were made in the normal, icteric and 
subsequent parathyropnvic states In the latter, thcj weie made from c\ery 
twenty-four to forty-eight hours, so that one could be reasonably assured tiiat 
parathj'roidectomy was complete The Kramer-Tisdall ^ technic was employed 
During the normal and icteric states and prior to thj loparathyroidcctom) , the 
animals were fed a stock diet Following the latter, they were fed solely a diet 
of cooked meat For dietary control purposes, a single litter of pups rcccned 
a ration consisting of cooked cereal, bread and milk 

Colhp’s parathyroid extract ^ was administered to three animals Only one 
of these exhibited tetany It received from 20 to 100 units on the eighth, 
ninth and tenth days after thyroparathyroidectomy Tlie otiier two animals 
received 100 units on the eighth day and subsequently when they became moribund 
Eleven days after thyroparathyroidectomy the excretion rate of calcium chloride 
from the blood stream was determined on the same two animals, following 
the administration of a 10 per cent aqueous solution of calcium chloride (100 
mg per kilogram) 

The intravenous injection of dog’s w^hole bile was carried out on two 
thyroparathyroidectomized animals exhibiting severe tetany One of these was 
jaundiced, the other nonjaundiced 


RESULTS 

In tabulating the data, it has been consideied advisable to refei to 
the lesults obtained after thyropaiathyioidectomy on three groups of 
jaundiced animals the puppies, the adult dogs acutel) jaundiced and 
the adult dogs chionically jaundiced All of the puppies, except the 
two contiols and most of the adult animals, were jaundiced from 
sixteen to eighteen days befoie thyropaiathyioidectomy To avoid con- 
fusion, Ave have referied to these animals as chionically jaundiced 

The suivival peiiod after th3>-ioparathyioidectomy for nine chron- 
ically jaundiced adult dogs which weie untreated and the sole diet of 
wdiich consisted of cooked meat langed between one and one-half and 
seventeen and one-half days Six of these had a mean suivnal period 

4 Kramer, B, and Tisdall, F F A Clinical Method for the Quantitatne 
Determinations of Calcium and Magnesium in Small Amounts of Serum and 
Plasma, Bull Johns Hopkins Hosp 32 44 (Feb ) 1921 

5 The extract used w'as parathormone, furnished for the purpose of this 
iin estigation bj Eli Lilly & Companj 
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of more than ten days Three died within three days of the operation , 
one of the latter was a lactating animal Terminal tetany in this 
group occurred m only two instances Although these animals exhib- 
ited a tetany varying m intensity fiom the mild form in which there 
was regional muscle fibrillation to a most severe type, the former was 
much more commonly noted, and in these cases it was mteimittent and 
transient In all instances it was the usual rule to note its complete 
abatement two or three days before death in whatever type of tetany 
was displayed, the animal then became stuporous, lethargic and coma- 
tose (fig 1 and table 1) 

The survival period for the group of ten puppies had a mean 
average of 3 8 days, which is slightly longer than the expectancy for 
animals of this age Three of them lived from five to eight days 
after thyroparathyroidectomy Three animals exhibited a tetany which 



Fig 1 — The dog on the left (B1 ) ten da 5 "s after thjroparathjroidec- 
tomy, showing marked muscular aton}'^ and depression This animal lived more 
than a week after this photograph was taken The blood calcium remained 
below 4 mg after the tenth day The dog on the right (Daph ) is shown 
twelve days after thyroidectomy in slight tetany 

was slight to moderately active, and in only one instance did it appear 
to be terminal It was much less severe than that observed in the 
two nonjaundiced thyroparathyroidectomized litter mates that were used 
as controls On the other hand, the complete absence of manifest 
tetany was noted m more than half the animals of the series The 
clinical picture and the survival peiiod veie not changed in the one 
litter which received rations of only milk, cereal and bread 

For the group of five acutely jaundiced adult dogs (thyropara- 
thyroidectomized twenty-four hours aftei division of the common duct) 
the survival period was a little more than tw'^o da 3 ’-s The tetany vhich 
developed m thiee of the animals was severe and teimmal One of 
the animals lived ten da}’'s, and never exhibited the slightest active tetam 





{*>'■>111(1111 f(K)\ ; 
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In considering further the symptomatology of the three groups of 
animals additional observations may be worthy of mention A peculiar 
expiratory groan associated with some slight expiiatory difficulty but 
without hyperpnea occurred in all of the puppies Apart fiom the 
hyperpnea occurring in the adult animals a similar respiratory difficulty 
was noted The groan, howevei, was conspicuousl}- absent except in a 
few instances Most of the adult animals that lived more than nine or 
ten days developed decubital ulcers Although anorexia was marked 
in several of the dogs, others maintained an appetite that was voracious 
nearly to the end In all, a giade of extreme emaciation and cachexia 
supervened before death Atony of the sphincters with involuntary 
urination and defecation occurred at the end The animals that lived 



Fig 2 — Showing the general trend of the blood calciums in jaundiced- 
thyroparathyroidectomized animals Note the more acute drop for the puppy 

for a relatively short time, and especially the puppies which did not 
exhibit any active form of tetany, appeared to die of an acute poisoning 
Retching and vomiting occurred more often in the younger set of 
animals Spotting of the stools with blood, the result of an enteritis 
observed in the pups before thyroparathyroidectomy, was aggravated 
following this procedure The adult animals, which uncommonly showed 
blood in the stools during their jaundiced state almost invariably devel- 
oped a bloody diarrhea following tl^roparathyroidectomy 

There are no significant changes in the level of the blood serum 
calcium for the adult animals and puppies after a period of jaundice 
lasting from sixteen to eighteen days The blood serum calciums of 
the two groups approximate one another before and after the induction 
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of jaundice Twenty-foui houis aftei thyioparathjioidectom} , the 
calcium values of the puppies fall to a consideiably lower le\el than 
those of the adults (% 2) Insufficient deteiininations foi the subse- 
quent days do not enable us to diaw any conclusions about the tiend 
of the blood calcium m the tw^o respective gioups, but theie appeals 
to be a moie acute loweiing in the puppies following 
thyi opai athyroidectomy 

Within a few minutes aftei the lntla^enous injection of 10 pei 
cent aqueous solution of calcium chloride the blood seium calcium 
appi cached that of the noimal wuthout the animal exhibiting any change 
111 the picture of extieme apathy and stupor The exciction late 
extended ovei appi oximately four houis (fig 3) The injection of 
Collip’s paiathyioid extiact on the same dogs tliice days befoie the 
injection of calcium chloride was earned out revealed the mefficacy 
of this hoimone extiact to laise the blood calcium level in the paia- 


Calciv'-^ f’lf 
6loo/) 



Fig 3 — Showing the curve of excretion of calcium chloride and the ineflicac\ 
of Colhp’s parathyroid extract in materially affecting the blood serum calcium in 
jaundiced-thyroparathyroidectomized dogs The continuous line indicates the 
excretion of calcium chloride from the blood after intra\enous administration 
of 00100 gm per kilogram (10 per cent aqueous solution) The broken line 
indicates the curve following the administration of 50 units of Collip’s parathjroid 
extract 

thyioidectomized jaundiced animal It did not produce any change m 
the sjnnptoms at this time, nor did it seem to delay death w'hcn the 
animals became raoiibund, although it may have hastened it in one 
instance It w’-as adniinisteied to a thud animal on the eighth, ninth, 
and tenth days in doses of from 20 to 100 units, but a progressne 
lowering of the blood calcium of from 5 0 to 4 2 mg pei bundled 
cubic centimeteis of blood occuiied until near death, w'hen it rose 
to 5 7 The tetany in this animal, though not controlled, became less 
seveie, and the teimmal pictuie of extreme stupor was identical with 
that of the othei untieated animals 

The intiavenous injection of whole bile into two paratln roidecto- 
mized dogs, one jaundiced, the other nonjaundiced, was followed Iw 
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a relief from the symptoms of tetany The nonjaundiced animal 
received 2 cc (injection rate was 1 cc per minute) on the thud day 
after thyiopaiathyroidectomy when it exhibited marked depiession 
and severe tetany Two minutes after the injection, the picture changed 
completely, the animal becoming lively and appearing a little excited, 
the tetany was completely abolished Relief fiom the latter, however, 
was only transient, and thirty minutes after the injection, the animal 
developed a seizure It died the next day of tetany The jaundiced 
animal received 12 cc of bile four days after thyroparathyroidectomy 
Ten minutes after the injection, it was leheved of tetany, which did 
not reappeai It died the following da)% appaiently from an overdosage 

COMMENT 

While most of the expeiimental data already accumulated on the 
pathogenesis of tetany suggests that eithei a low concentiation of calcium 
or the action of toxins is responsible for the onset of tetany, the pi educ- 
tion of an expeiimental animal with low blood calcium and a toxemia 
without manifest symptoms of tetany calls for comment Unless one 
01 more of the metabolites aiising m obstructive jaundice may directly 
or indnectly altei the mechanism of tetan}’- in susceptible animals so as 
to prevent the appeal ance of tetany, neither of the current views is 
adequate to explain the lesults of these experiments 

For the adherents of the toxin theory of tetany the question is 
especially pertinent as to why a more acutely fatal outcome does not 
follow parathyroidectomy at a time when extensive moiphologic changes 
in the liver and injury to the gut have aheady been wrought, especially 
when these aie superimposed on the already existing toxemia of jaun- 
dice It has been suggested by seveial im estigatoi s that in the paia- 
thyroidectomized dog that has adjusted itself to an amenable existence 
without developing tetany the liver ma}'' have taken over the function 
of the parathyroid glands ® A different opinion has been expressed 
by Blumenstock and Ickstadt,' who believe that the liver plays the 
essential role m the development of the so-called toxemia of para- 
thyroidectomized dogs They found that pai athyroidectomy in animals 
in which an Eck fistula had been produced resulted in a dela)’- in the 
appearance and a diminution of the severity of the chaiacteristic symp- 
toms Since the syndrome of tetany may be so modified and made 
less severe under conditions m which theie aie underlying moiphologic 
changes in or a perversion of function of the liver, it may be postulated 

6 Dragstedt, L R , Phillips, K, and Sudan, A C Studies on the Patho- 
genesis of Tetany II Mechanism Involved in Recovery from Parathyroid 
Tetany, Am J Plwsiol 65 368 (July) 1923 

7 Blumenstock, J , and Ickstadt, A A Note on the Role of the Liver in 
Parathyroid Tetany, J Biol C 61 91 (Aug ) 1924 
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that this organ may oidinaiily, through its umestiicted actuity, produce 
the substances which give rise to the typical S3ndioine of tetany In 
a preliminaiy report we called attention to some similaiit} m the 
symptoms of their animals and those of ouis, and, vith the eMdence 
obtained from these expeiiments, we would subsciibe to such a Mew 
and suggest fuither that the same pioducts aiising fiom the peneision 
of liver function in the Eck fistula and in the jaundiced animal may 
play an active role m inteicepting the usual neivous phenomena While 
paiathyioidectomy m a jaundiced animal produces an overu helming 
toxemia, the animal lingers, becomes stupoious and dies of what appeals 
to be caidiac failure The extension of life ceitainly does not occui 
by virtue of the insult added to the injuiy aheady done, but is piobably 
the result of an ineffectual neivous mechanism which would otheiwise 
abruptly teimmate life In jaundice, the neivous mechanism seems 
to be piotected not only against toxins aiismg as the end-products 
of intestinal putief action, but also against the extremel} low concen- 
tration of the blood serum calcium Calcium administered to such 
an animal is ineffectual in changing the s) mptomatology of those which 
weie 111 a state of severe depiession The excietion late of calcium 
chlonde fiom the blood of these animals, howevei, shows a lesponse 
that is moie neaily compaiable to that of a noimal animal lathei than 
that desciibed foi one jaundiced alone® The cause foi this lela- 
tive loss of calcium-fixing powers which have been asciibed to icteiic 
blood IS a matter of suimise apait from its being one of a numbei of 
failing physiologic mechanisms Also the inefficacy of the paiathyroid 
hormone extract m materially affecting the blood seium calcium ma}'’ 
be analogous to the failuie of lesponse of other gland pieparations 
after then admimstiation under ceitain conditions® 

There has been almost unanimity of opinion that bile acts as a 
depressant on the central nervous system Meltzei and Salant con- 
cluded that bile contains a tetanic element oi an agent which causes 
increase of excitability of the nervous system as w^ell as depressue 
elements, and that the tw^o aie antagonists The expeiiments of L}on- 
Caen^’- led him to conclude that bile and biliary salts retard muscle 

8 Walters, W, and Bowler, J P Pre-operatne Preparation of Patients 
with Obstructive Jaundice An Experimental Stud^ of the Toxicity of Intra- 
venous Calcium Chloride Used in the Preparation of Patients, Surg Gjnec 
Obst 39 200 (Aug) 1924 

9 Strouse, S, and Schultz, 0 T Insulin in Diabetes Complicated In 
Infection, J A M A 80 1592 (June) 1923 

10 ]\Ieltzer, S J, and Salant, William Studies on the ToxiciU of Bik 
II The Toxic Effects of Bile Upon the Central Ner\ous S\5tein and the 
Elimination of Strychine Through the Bile in Nephrectomized Animal, J Exper 
Ucd 8 127 (Jan ) 1906 

11 LAon-Caen, I Action de la bile et des sels bilnres sur I’excitabilitc 
neuromusculaire, Compt rend Soc de biol 93 237 (June) 1925 
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chionaxia while nerve chionaxia remains unchanged Our own observa- 
tions indicate that the immunity of the neui omuscular mechanism is 
more evident when the jaundice is of some duration In most instances, 
the acutely jaundiced animal develops a lapid and severe terminal 
tetany While up to the present attention has been directed to the 
striking way in which the effects of jaundice may alter the typical 
syndrome that follows thyroparathyroidectomy, a consideration as to 
how the latter may affect the jaundiced state must not be omitted 

In view of the fact that the symptom-complex following parathyioid- 
ectomy of the jaundiced animal is paiallel in so many ways to that 
which would accrue in the icteric animals which were allowed to die 
of a terminal cholemia, paiathyroidectomy might be looked on as a 
hastening process The hstlessness, languor, stupor and coma that 
supervene before death are alike in both conditions We must therefore 
consider that parathyroid failure may enter as a cause of death in the 
jaundiced animal, especially in the young one which may live well over 
100 da 3 '^s after ligation of the common duct and in which a progressive 
lowering of the blood seium calcium to low levels occurs, but that 
tetany does not occur because of some compensating mechanism that 
develops with chronicity, as suggested by Prof A J Carlson When 
the very young animal is paiathyroidectomized only twenty days after 
ligation of the common duct, glands more physiologically active are 
removed, hence the slight or masked symptoms of tetany and the 
1 datively premature death Such a theory of paiathyioid failure seems 
less applicable for the adult animal, in which noimally constant calcium 
values obtain throughout the couise of obstructive jaundice But the 
survival peiiod of the puppy after ligation of the common duct is 
much longer than that for the adult animal, and the marked loweiing 
of the blood serum calcium m the former occurs only late in the 
obstructive jaundice, at a time when the adult animal would long since 
have been dead 

The relief of symptoms of tetany following the intravenous injection 
of bile IS of interest, but furthei experimentation with the biliary 
constituents will have to be earned out before its bearing on the absence 
of tetany in jaundice is ascei tamed The action of ciiculatmg bile may 
be similar to that of peptone, which Cailson’^' has noted produces 
a temporary suppression of tetaii)'- and foi which some depression of 
the nervous tissues was suggested as the probable mechanism It is 
possible, too, that bile produces its effects through a change in the 
pn of the blood 

12 Carlson, A J , and Jacobson, Clara Further Studies on the Nature 
of Parathyroid Tetany, Am J Physiol 28 133 (June) 1911 
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SUMMARY AND CONCLUSIONS 

1 Theie is a maiked diminution generally or an absence ol tclain 
following thyropaiathyioidectoni} on jaundiced adult dogs and puppies 

2 The suivival peiiod aftei tliyiopaiathyioidectoni} is piolongcd 
especially foi animals that have been jaundiced foi some time 

3 The acutely jaundiced dog is moie susceptible to a se\cie and 
teiminal tetany 

4 Indiiect evidence is piesented of a funetionall) oi stiucturall\ 
altered mechanism of tetany in obstiuctive jaundice This is threefold 
and IS based on (a) the i espouse of the thyiopaiathyioidectomued 
animal, (b) the lelief of tetany by the intia\enoub injection of bile, 
and (c) the absence of tetany m late obstiuctive jaundice in puppies 
111 which the blood seium calcium may leach the tetaii} level 

5 It is thought that the thieshold of neivous excilabihti is laised 
in obstructive jaundice This is in hainiony with the belief that bile 
acts as a depiessant for the cential nenous si stem, concerning vhicli 
theie has been almost unanimity of opinion 
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The Har\e\ Lecturfs, 1925-1926 Series XXI Price, $4 Pp 229, with 
illustrations Baltiinore Williams & Wilkins Company, 1927 

The present series of the Harvey Society Lectures is fully up to the usual 
standard, consisting as it does of reviews on anatomy, histology, physiology, 
biochemistry and physicochemistry, mathematics, and medical history by 
authorities representing more or less equally American and European schools 
F R Nager of Zurich, the first otologist to deliver a Harvey Lecture, 
emphasizes the importance of histologic work in diseases of the ear, especiallj 
those of the middle ear, in regard to tuberculosis, malignancy, cholesteatoma, 
otosclerosis and experimental noise-dcafness In the last, air conduction is to 
blame for the degenerative changes in the organ of Corti The histology of 
the labyrinth is difficult to study m man because of earlv postmortem changes, 
but the available work is reviewed 

The lecture by J H Northrop of the Rockefeller Institute on the “Dynamics 
of Pepsin and Trypsin” seems to have dispelled definitely another mystery of 
so-called colloid chemistry as regards the explanation of enzyme action In a 
series of beautiful, critical experiments in which changes in the viscosity or 
conductivity of a solution were used as a measure of the rate of reaction of 
enzymes, an inverse linear relationship was found between the time it took for 
a small change in viscosity and the concentration of the pure enzyme The 
law of mass action was found to hold quantitatively for action of the "inhibitors” 
— peptone, plasma — so that one could assume that 

[free trypsin] [free inhibitor] 

= a constant 

[trypsin-inhibitor] 

The agreement between observed values and those calculated from the 
equation was proved in a series of experiments arranged to control separatel} 
the concentration of enzyme and inhibitor 

The study of the spontaneous deterioration or inactivation of the enzymes 
demonstrated again the correspondence with the mass law, if one took into 
account the “free,” that is, uncombined with inhibitor, active enzyme The 
combined form is stable but dissociates into the active enzyme on dilution, 
just as the salt of a weak acid and base undergoes hydrolysis 

The kinetics of trypsin is extremely complicated, but Northrop could show 
agreement with monomolecular time-cuives under proper experimental condi- 
tions Thus the velocity of digestion of casein by trypsin at any time depended 
solely on the concentration of the active enzyme at that time Much evidence 
is adduced against the catalytic theory, and equations are derived to explain . 
why Schutz’s rule holds within a certain range only 

The close relationship between the titration curves of proteins and their rate 
of digestion and the influence of pu, point to the conclusion that only the protein 
anion is attacked by trypsin, the cation by pepsin Trypsin itself behaves 
exactly like a monovalent cation in a Donnan-ratio experiment from pn 2 to 
10 2, beyond that as an anion , pepsin behaves as an anion below pn 6 No 
compound is formed between the enzyme and the protein The enzyme is 
completely ionized Hence enzymes behave exactly as many other simpler 
chemical substances, and the complex nature of their reactions is due entirely 
to the fact that several reactions occur simultaneously — a fact not sufficiently 
appreciated nor properly controlled until this work by Northrop 

In the next lecture, W H Lewis of the Carnegie Institution of Washington, 
discusses the transformation of mononuclear blood cells into macrophages, 
epithelioid and giant cells, bringing forward strong evidence in support of the 
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monistic view The vitally stained hanging drop ol whole blood— blood cultures 
on a cover slip— and spreads of Ining tissue were the methods used The 
work is entirelj comincing to the re\iewcr, so also is that of Sabin Carrel 
and Maximow' whose views are energeticalh disputed b\ Lewis "When such 
authorities disagree on fundamental grounds, interesting work ina\ be expccltd 
in the future 

J B Collip of the Unnersiti of Alberta gives an excellent rc\iew ot the 
anatoine^ physiology and pathologj of the parathyroid glands including a 
discussion of clinical forms' of tetany He then presents his own brilliant 
researches culminating in the extraction, isolelectnc purification and standard- 
ization of the parathyroid hormone, whose specific action consists in clceatiiig 
the level of blood calcium in normal or parathyroidectomizcd animals and 
patients Tetany may thus be abolished by appropriate parenteral administra- 
tion of the extract On the other hand, hypercalcemia — 20 mg or more per 
hundred cubic centimeters — may be produced, leading to a characteristic syndrome 
w'lth terminal failure of renal function, marked nitrogenous retention, Inperphos- 
phatemia and acidosis The blood becomes extremely viscous, and hemorrhages 
of the mucous membrane are constantly found in the gastro-intestinal tract 
Rabbits and rats are resistant to the hormone Calcium lactate by mouth 
enhances the action of the hormone reducing the amount necessary in human 
cases Satisfactory results have been obtained in clinical hypoparathyroidism 
After Collip’s work, the guanidine theory of parathyroid tetany has scarce h 
a leg on wdiich to stand 

“Empiricism and Rationalism” arc presented by E B Wilson of Harvard 
University m a keen, illuminating style Statistical analvsis is shown to be 
essentially descriptiv^e or empirical as contrasted with the experimental method 
or rationalism “The place for complicated mathematics is in the follow-up” 
It IS not of much use in the original discovery The value ol mathematics to 
the scientist is not to teach him formulas, but how to formulate Wilson points 
out clearly the limitations of statistical equations, the adjustability ot their 
constants as compared with the fixed constants in some natural laws, and the 
uselessness of looking for correlations by the statistical method if antecedent 
rationalism has not been emploved The exact sciences make little use ot 
statistics because good control is available A plea is made in the case of 
the beginner m science for qualitative experiments and for a return to the 
“stubborn facts of nature” instead of juggling with complicated mathematics or 
highly intricate apparatus 

A scholarly review of the development of modern therapy beginning w itli 
the application of the statistical method by Louis in the earlv nineteenth 
century' to the effects of v'enesection on various acute diseases, is presented 
by Knud Faber of Copenhagen who contrasts the Renaissance ot clinical 
entities by Laeniiec and Bretonneaus with the development of expcriinental 
pharmacology by Magendie, who led up to the German physiologic school oi 
medicine The latter fell short of ideal therapy because it treated the disturbed 
function and not the specific disease In the last quarter ot the nineteenth 
century and m the first quarter of the twentieth century the principle of 
clinical entities has become firmly established through the discovcrv of the 
diseases of the ductless glands and those due to specific bacterial iiiv asion 
The influence on therapeutics is too obvious to mention, but one must still 
distinguish between symptomatic therapy and curative therapy The latter 
is obtainable only after the disease can be reproduced expenmentpllv 

B Brouwer of Armsterdani gives the last lecture, dealing with the correla- 
tion between comparative anatomy and neuropathologv Striking cviduice i^ 
brought forward for the division of the cerebellum into the ‘ neo’ and ‘ palco - 
parts, the latter consisting of the vermis, flocculus and parafiocculus The 
neocerebellum is less resistant to injurious agencies The olivary system can 
also be shown to consist of “neo”- and “paleo”-div isioiis The oricin of tiic 
midline oculomotor nucleus of Perlia is connected with the Irontal position 
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of the e3’^es and the o^erlapplng of the visual fields, and its close special rela- 
tionship to the Westphal-Edinger nucleus for pupillary contraction is given as 
an example of neurobiotaxis The columns of Goll and Burdach develop 
phylogenetically with the gnostic or “neo" sensibility as distinguished from 
“paleo” or vital sensibilitj, represented chieflj' in the gray matter of the 
posterior horn The trigeminal nerve has “neo”- and “paleo”- nuclei autonomic 
functions which belong to the “paleo” S3stem, and are represented by much more 
complex tracts than the “neo” system The \nsual tract extending from the external 
geniculate body to the occipital cortex is an example of the superimposition of 
the new S3"stem on the old reflex visual path\\a3's to the midbrain, occurring 
presumably to allow exact visual localization b3 the higher forms of animal 
life 

Moderx MEDiaxE Its Theorx and Practice Volumes 4 and 5 Edited b3 
Sir William Osler, Bart, MD, FR S Reedited by Thomas McCrae, 
AI D , assisted b3 Elmer H Funk, AI D Third edition, thoroughly revised 
Price, S9 per volume Philadelphia Lea &. Febiger, 1927 

In volume 4, diseases of the respiratory and circulatory systems are dis- 
cussed, and in it the high standard of the previous volumes of this series is 
maintained While this edition loses none of the charm associated with the 
list of notable contributors of the original edition, it has been effectively 
brought up to date It contains chapters written b3' Alorris, Christian, Hoo\er, 
Herrick, Babcock, Howard, Gibson, Osier, Lewis, Alaude Abbott and others 
well known in medical literature Each chapter coiers the subject thoroughh, 
the whole being a complete general treatise of the diseases of the respirator3 
and circulator3 S3 stems The chapter on the “Rate and Alechanism of the Heart 
Beat” by Sir Thomas Lewis is a presentation of eiectrocardiograph3 stated 
in simple terms and without undue emphasis on the clinical ^alue of this 
observed phenomenon and in such terms that the general practitioner can 
readily grasp it The chapter on “Congenital Cardiac Disease” by Alaude E 
Abbott is, in fact, a marvelous and authoritative monograph of this whole 
field, occup3ing 200 pages of the present ^olume, profusely illustrated b^ 
photographs of pathologic specimens and diagrams painstakingly gathered 
together not onl3 by the author but b3' her colleagues and predecessors at 
AIcGill , many of the specimens were collected b3' Osier himself 

Volume 5 coiers diseases of the blood, bmphatic S3stem, ductless glands, 
kidneys, and vasomotor and trophic disorders b3 such authorities on these 
subjects as Richard C Cabot, Krumbhaar, Warthin, Longcope, Dock, John 
and Thomas AIcCrae, Rowntree, O’Harc, Hugh Voung, Osier and others Each 
chapter is complete and reMsed to date A critical survey of the \olume 
impresses one with the thoroughness wuth which each subject is covered There 
IS little to criticize Especially impressne is the rational manner in which 
the subject of diseases of the ductless glands bj' George Dock, H Lisser and 
Warthm is handled The3’’ are careful and conservatne in all statements, 3et 
comprehensive and inclusne of all real adiance in this field The introduction 
to the diseases of the kidne3 s by the late John AIcCrae, revised bj Leonard G 
Rowmtree, covers the recent advances that have been made in experimental 
medicine which ma3 be applied to clinical medicine Ph3sicians are gradualb 
establishing a rational conception of the mechanism of the function of the 
kidne3 w'hich is of inestimable value wdien applied at the bedside, notabh 
in the application of therapeutic measures From this point of view alone 
the whole part devoted to diseases of the urinary system is w'ell worth studjing, 
especialb bj those w'ho may not be familiar with recent progress made m the 
field of ph3Siolog3 of the kidneys and who are unfamiliar with the improve- 
ments m therapy as applied to the treatment m nephritis and in the nephroses 

Osier’s “Alodern Aledicme” as represented by the present edition and as 
a standard system of medicine should find its place on the shebes of every 
medical library 
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Sklfrose und Hypertonic der innervierten Arterien Bj GijSta\ Ricker 
Price, 10 50 R AI Pp 193 Berlin Julius Springer, 1927 

In this monograph, Ricker, who is well known for his excellent experi- 
ments on the innervation of the blood vessels, discusses in detail his con- 
ception of arteriosclerosis and hypertension klost intensue ncr\ous stnnuh- 
tion cases paresis of the constrictors of the media and stasis in the \esscls 
of the adventitia Compressed by the blood pressure inside of the ^csscls, the 
media is deprived of the nourishing tissue fluids and becomes necrotic Tins is 
followed by sequestration and calcification Less intensive stimulation leads 
first to an accumulation of the tissue fluids in the intima, loosening of the 
Ultima and hyperplasia of the connective tissue Weak stimulation, finalli 
results in constriction, narrowing of the lumen and hjperplasia of the media 
One condition to which Ricker attributes much importance is the so-called 
penstasis Stimulation of medium intensity produces an identical reaction of 
arteries and capillaries Stimulation of the dilators leads to fluxion and 
hyperemia, that of the constrictors to ischemia and anemia klorc intensive 
stimulation reveals the capillaries as the most sensitive part of the circulatory 
system in that their irritability disappears At the same time the arterioles 
and small arteries constrict, thus, the blood passes through narrow arterioles 
into the wide bed of the capillaries It flows slowly or even stagnates These 
changes are of fundamental importance in many pathologic conditions, espe- 
cially in nephritis, primary contracted kidney and cerebral hemorrhages 

In his antagonism to Virchow’s cellular pathology, Ricker has often been 
attacked by those who adhere to Virchow’s doctrines Every modern clinician 
will read this book with much interest It contains a wealth of thought 
There is only one objection, namely, the complicated construction of sentences 
which Ricker uses and which makes reading difficult even for one familiar with 
the German language 

Hypotension By Alfred Frifdlander, Professor of klcdicint, College of 
Medicine, University of Cincinnati Price, $2 50 Pp 193 Baltimore 
Williams & Wilkins Companj 

The author has collected a large amount of useful data on this subject and 
ai ranged them so that the reader can obtain a clear insight into the present status 
of hypotension He has systematically outlined the conditions and diseases in 
which hypotension occurs The temporary hypotension observ ed in surgical 
shock IS dul}’" considered, and the relation of this hvpotension to decreased blood 
volume is discussed Dehj'dration in cholera is considered the cause of the 
decreased blood volume and hvpotension Postural hvpotension, on the other 
hand, is attributed to a disturbance of the vasomotor system 

The author presents in detail the different views regarding the relation oi 
the suprarenals to blood pressure He accepts the evidence that the suprarenal 
cortex IS the nqcessary portion of the gland for maintaining normal blood 
pressure Addison’s disease is considered the most clearly defined clinical 
example of chronic hypotension He discusses the lack of uniform benefit 
following specific glandular therapj' in Addison’s disease and emphasires the 
need for further investigation of the function of the suprarenals before satis- 
factor}' therapy can be instituted The author has not been satisfied merclv 
to compile the known data, but he has examined them criticallv and has Icit 
the stamp of his own interpretation on many of them The cleancut distinction 
which he makes between temporarj and chronic hjpotcnsion is important from 
the aspects of future experimental and clinical work 

Pioneer Medicine in Western Pennsvlvamv Bv Tiiiodore Diilip Price, 
§3 New York Paul B Hoeber, 1927 

This book is a compilation of brief bibliographies of men who, as the 
title indicates, were prominent in medicine durinc: the earlv davs m wc'^tcrn 
Pcnnsvlvania To the reviewer the most intcrc'^tmg part of the entire v orl 
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15 a quotation from the notes of Joseph Doddridge, written in 1824, edited 
under the direction of Alfred \Yilliams and published by Joel Mensell in 1896 
From the extracts of the notes it is evident that Doddridge -was a keen 
observer and possessed considerable dramatic abilit 3 ' in presentation of his 
material 

The story of these pioneers in western Pennsjlvania should be particularh 
interesting to readers in this localitj and to all students of American medical 
histori' 

The Norm \L Diet By W D S^xstjm, MD Price, SI 50 Pp 136 St Louis 
C V klosbj' Compan}’', 1927 

The normal diet, discussed in terms that patients can well understand, is 
described and illustrated b\ menus Chapters are de\oted to the bulk require- 
ments of the bod\, the acid ash tjpe of acidosis, the acetone tjpe of acidosis, 
the caloric, the protein, the mineral, the vitamin and the iiater requirements 
of the body The author believes that the acid ash foods bear a relation to 
high blood pressure He states that in a series of fifty cases, there Mas a 
drop of from 40 to 50 points in 90 per cent, after the patients Mere put on the 
proper “basic” diet Blood pressure usualb' has a considerable fluctuation, and 
it M'ould be interesting to follow a similar number of cases o^er the same 
period of time in Mhich treatment M’as not gi\en 

Medizinische Praxis — Sammloxg tur arztliche Fortbilduxg Volume II — 
Die AlagengeschMurskrankheit — Pathologic und Therapie \om Standpunkt 
des Internisten Von Priv Doz Dr Harald Ohnell, Krankenhaus Sabbats- 
berg, Stockholm Price, 5 R M Leipzig Theodor Steinkopff, 1927 

This IS a seventj-fiie page illustrated monograph in Mhich the etiologj, 
pathologj’’, symptoms, diagnosis and treatment of gastric and duodenal ulcer 
are briefly considered Its purpose is to present a practical discussion of the 
subject in a form sufficiently concise for the use of the general practitioner 
It does this extremely M'ell 
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In spite of the fact that angina pectoiis has been known for over 
a centuiy and a half, theie is still a lack of unaniinit} legarding its 
cause In this paper xve will present a theoiy which, we behetc, ofTeis 
a logical answei to the problem It is not oiii ptiipose to make any 
pietense at a comprehensive leview of the extensive htciatuie dealing 
xvith this question We shall limit ourselves more oi less closely to a 
consideiation of those facts and views concerned with the problem that 
confoim to the present ideas of anatomy and physiology 

DEFINITION or \NGINA PECTORIS 

In a discussion of angina pectoiis, it is absoliitcli essential that 
theie be a cleai undei standing of wdiat is meant b} the teim No doubt 
much of the confusion concerning the nature of the condition has been 
due to the absence of a w^ell recognized and uniform pathologic basis 
foi the condition This state of affans has permitted a certain degree of 
looseness in the clinical conception of the condition, since no absolute 
cnteiion wms at hand even at autopsy to proxe whether angina pectoris 

T ■ N 

1 Read at the New York Acadenn of Medicine, Section oi Mtdieme, \](rii 17, 

1928 
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had or had not been present during life The result has been the 
inclusion under the term angina pectoris of cases which differ consid- 
erably among themselves, and which often have as their only common 
feature the occurrence of pain or discomfort in the region of the heart 
Expressions like “pseudo-angina,” “reflex angina,” “vasomotor angina” 
and “secondary angina” have been coined to cover the various types of 
cardiac pain which bear more or less resemblance to the “true” angina 
To some, angina pectoris is practically synonomous with “heart pain,” 
merely a symptom complex elicited by a wide variety of conditions To 
them angina pectoris does not stand for a clear and well defined clinical 
picture, at times it may have the terrible significance that is commonly 
attached to the term , at other times it does not have any other significance 
than the expression m pain of an entirely benign condition 

W e feel that such a conception of angina is entirely erroneous The 
fact remains that out of the confused melee of clinical conditions to 
which the term “angina pectoris” has been applied, one condition stands 
forth, clearly marked from the others It is the one that corresponds 
to Heberden’s original description, and its impoit is unmistakable the 
patient with this condition is doomed 

But there is a disorder of the breast marked with strong and peculiar symp- 
toms, considerable for the kind of danger belonging to it, and not extremely rare, 
which deserves to be mentioned more at length The seat of it, and the sense of 
strangling, and anxiety with which it is attended, may make it not improperly to 
be called angina pectoris 

Those who are afflicted with it are seized while they are walking (more 
especially if it be up hill, and soon after eating), with a painful and most dis- 
agreeable sensation in the breast, which seems as if it would extinguish life, if it 
were to increase or to continue , but the moment they stand still, all this uneasiness 
vanishes 

In all other respects the patients are at the beginning of this disorder, perfectly 
well, and in particular have no shortness of breath from which it is totally differ- 
ent The pain is sometimes situated m the upper part, sometimes in the middle, 
sometimes at the bottom of the os sterni, and often more inclined to the left than 
to the right side It likewise very frequently extends from the breast to the 
middle of the left arm, as I have had opportunities of observing by feeling the 
pulse during the paroxysm Males are most liable to this disease, especially such 
as have passed their fiftieth year After it has continued a year or more, it will 
not cease as instantaneously upon standing still, and it will come on not only when 
persons are walking, but when they are lying down Some have been 

seized while they were standing still or sitting, also upon first waking out of 
sleep The termination of the angina pectoris is remarkable For if no 

accident intervenes, but the disease go on to its height, the patients all suddenly 
fall down, and perish almost immediately^ 

In this masterly description of Heberden’s, are found the essential 
features of angina pectoris It is the condition depicted therein that we 


2 Heberden, William Commentaries, p 292 
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wish to discuss, and to which the term “angina pectoris” rightfully 
belongs It is characterized by (a) paioxysmal pain, usually pectoral, 
provoked by an increase of the demands on the heart and relieved by 
a diminishing of the work of the heart, and (b) the likelihood of 
termination by sudden death 

The pain is brought on by effort By effort, we mean anything 
that demands more work of the heart than is imposed on it at rest 
This may be actual muscular exercise, such as walking Since climbing 
an incline places a greatei burden on the heart than walking on a level, 
the pain usually shows itself first when the patient mounts a flight of 
stairs or climbs a hill The pain is even moie easily produced when 
the muscular exercise is undertaken against a wind, in the cold or 
after a hearty meal Emotion alone may precipitate an attack But 
whatever may be the stimulus that calls forth a paroxysm of pain, it is 
always one that increases the work of the heart The pain is usually 
substernal, but it may be referred to the precordia or epigastrium, it 
often radiates to the upper extremities, or jaw, or to more remote areas 
of the body, and may, indeed, be felt only here Early m the disease it 
may be described as a sense of oppression, but when it becomes welt 
marked, it is, characteristically, constrictive The pain is rapidly 
relieved by rest, and is often accompanied by a sense of impending 
dissolution, the “angor animi” on which so much stress was laid by 
Allbutt and Huchard The anguish is described (Allbutt as being 
“even m slight or incipient cases, an organic dread or sense of ill-omen, 
as contrasted with rational apprehension,” “a strange indescribable fear ” 

The condition is likely to end m sudden death Any hypothesis that 
attempts to explain the nature of angina pectoris must account for this- 
remarkable featuie of the disorder The likelihood of sudden death 
IS the one distinguishing feature that differentiates “true” angma from 
all forms of “false” angma The lack of appreciation of this point 
as a cardinal characteristic of the disease has led to the confusion of 
Heberden’s angma with other types of cardiac pain that should never 
have been called angma pectoris The likelihood of sudden death is a 
feature that is indissolubly linked with the underlying mechanism of the 
disease Only by including in angina pectoris such cases as are “likely 
to end m sudden death” does one isolate those cases that correspond 
to the original description of the disease, and eliminate the cases that 
bear only a more or less close resemblance to Heberden’s angma It is, 
of course, impossible, in a given instance, to predict with absolute 
certainty the ultimate outcome of the case, but when the diagnosis 
“angma pectoris” is made, there should automatically be the implication 

3 Allbutt, Sir Clifford Diseases of the Arteries, Including Angina Pectoris, 
ed 1, New York, The Macmillan Company, 1915, vols 1 and 2 
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that the patient may, and piohably will, die suddenly We shall later 
explain in more detail our reason for making the likelihood of sudden 
death such an integral feature of the definition of the disease 

The foregoing characteristics, then, are those that distinguish angina 
pectoris from other types of cardiac pain It must be stated that certain 
exceptions exist On occasion, the pain of true angina pectoris may 
arise spontaneously, as during sleep , that is to say, without provocation 
of one of the usual stimuli muscular effort, cold, emotion or a hearty 
meal But even these exceptions are probably more apparent than real 
in many cases In some instances, the pain may not subside on rest, 
or the outcome is not sudden death In fact, actual cure may take 
place These exceptional instances will also be discussed later 

All the other manifestations that may occur m angina pectoris are 
of minor importance changes m respiiation, m blood pressure, in 
heart rate and rhythm, in the vasomotor s)'stem, of posture, etc They 
are inconstant and do not belong to the major picture 

THE PATHOGENESIS OE ANGINA PECTORIS 

It is our belief that angina pectoiis is always due to anoxemia of 
the myocardium, that is, the attack occurs when the oxygen supply to 
the heart is inadequate to meet the oxygen demands of the heart In 
the usual case of angina, the anoxemia is relative, being sufficient foi 
the needs of the lieait at rest and insufficient when the work of the 
heart is increased In acute coronary occlusion, however, the anoxemia 
IS absolute, since the oxygen supply is inadequate even when the heart 
IS at rest 

All cases of genuine angina have anoxemia of the myocardium as 
their basis, nevertheless, anoxemia of the myocaidium may exist without 
causing angina, and it must be confessed at once that all factors deter- 
mining whethei or not angina will develop aie not clear Thus, 
anoxemia may be present in congenital heait disease or pernicious 
anemia, for example, and yet angina is extremely rare in these 
conditions It would seem that when anoxemia affects all the tissues of 
the body as well as the heart, or when the heart is uniformly affected, 
so fai as one may judge, angina is usually absent When the heart is 
affected m such cases, the symptoms are practically always those of 
so-called congestive heart failure On the other hand, angina tends to 
appear when, in spite of anoxemia being present, the contractile power 
of the heart remains good, evidenced by more or less complete freedom 
from dyspnea or other symptoms of a failing myocardium These 
conditions occur most commonly when only a restricted part of the 
heart muscle suffers from lack of oxygen, as in coronary sclerosis , 
the remainder is relatively uninvolved and hence the contractile power 
of the heart remains good There are exceptions to these rules there 
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are rare instances of angina pectoris in patients with pernicious anemia , 
and a patient with coronary sclerosis may suffer only fiom so-called 
congestive heart failure, angina never appearing 

The idea of anoxemia as the cause of angina is not new All coro- 
nary theoiies are based on the contention that ischemia of the heart 
muscle IS the cause of angina “An author who would wish to appropri- 
ate for himself, with respect to the priority of this (coronary) theory, 
the laboi of a whole century, would commit an injustice for his own 
profit” (Huchard"*) However, the idea of coronary spasm has been 
incorporated in practically every recent theory that attributes angina to 
ischemia, and we shall show that such an idea must be regarded with 
skepticism It is possible, however, to demonstiate anoxemia m all 
genuine cases of angina pectoris, without resorting to a theory of such 
questionable validity 

THE PATHOLOGY OP ANGINA PECTORIS 

The pathologic conditions associated with angina pectoris may be 
grouped as follows 

1 Coronary disease 

(a) Sclerosis of the coronary arteries, with or without complete obstruction 

(b) Occlusion or encroachment of the mouths of the coronary arteries by 
either syphilitic aortitis or arteriosclerosis 

2 Aortic insufficiency 

3 Miscellaneous conditions 

Coronary disease and aortic insufficiency make up the vast majority 
of cases, as will be seen from tables 1 and 2 

Of the cases of angina pectoris that we have personally observed 
thirteen have come to necropsy, table 1 summarizes the pathologic 
observations All the patients had either coronary disease or aortic 
insufficiency five had coronary disease alone, five had aortic insuf- 
ficiency alone and three had combined coronary disease and aortic 
insufficiency Table 2 gives the important pathologic data m other 
series of cases taken from the literature, and again the preponderant 
role that coronary disease and aortic insufficiency play is well illustrated 

Cotonmy Disease — But few words need be devoted to the subject 
of coronary disease Aside from the question of involvement of the 
aorta, there is not any doubt that the commonest lesion by far in cases 
of angina pectoris is coronary disease This fact is sufficiently well 
recognized to render further comment unnecessary The production 
of anoxemia of the heart by such a lesion is, of course, clear We 
merely wish to call attention to the important work of LeCount ^ who 

4 Huchard, H Traite clinique des maladies du coeur et des vaisseaux. 
Pans, 1893, p 610 

5 LeCount, E R Pathology of Angina Pectoris, J A M A 70 974 
(April 6) 1918 
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reported sixty cases in which death resulted from disturbance of coro- 
nary' circulation or from lesions generally regarded as caused by such 
difficulty Of 175 patients who died from heart disease, only those with 
coronary disease had had symptoms indicative of angina pectoris 


Table 1 — Authors’ Cases of Augtua Pcctous, Observations at Necropsies 
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Nothnagel,® Neusser/ Fraenkel,® Osier,® Gallavardin,^® Loiigcope,^' 
Mackenzie and others Lord stated that in five of his six cases of 
angina occurring in syphilitic patients there was aoitic insufficiency 
Gallavardin found that of his cases of angina with aortic insufficiency 
87 per cent were of syphilitic origin 

Mackenzie observed angina pectoris in ninety patients with aortic 
insufficiency, 23 pei cent of the total number of cases reported It 
IS not clear how many of his cases were due to syphilitic aortitis In 
some, m which postmortem records are available, the coronary arteries 
weie normal, m others, some degree of obstruction of the coronal y 
arteries was present, eithei by narrowing of the orifices or sclerosis of 
the vessels Of our own cases of angina, seven occurred m patients with 
syphilitic aortic insufficiency Of these latter patients, five came to 
necropsy, and in two there was partial occlusion of the coronary arteries 
Among other authors who mention the occurrence of angina m cases 
of syphilitic aortitis and aortic insufficiency may be mentioned 
Longcope,^^ five cases, and Lamb,^^ ten cases 

Although it IS true that when angina pectoris develops m a patient 
with aortic insufficiency, the valvular lesion is usually of syphilitic 
origin, angina is also seen in instances of rheumatic aortic insufficiency 
We have observed four patients with this type of valvulai disease who 
suffered from seizures of angina, in the one case in which necropsy was 
performed, the coronary arteries were patent In a group of thirty- 
three cases of aortic insufficiency m young persons, m which the history 
of rheumatic infection was positive in 87 per cent, Clark found that 
“many of the patients suffered from attacks of angina pectoris 
Allbutt referred to similar cases, and other instances were recorded by 

6 Nothnagel, H Schmerzhafte Empfindungcn bei Herzerkrankungen, 
Ztscbr f khn Med 19 209, 1891 

7 Von Neusscr, E Angina Pectoris, New York, E B Treat & Co, 1909; 
trans into English by Andrew MacFarlane 

8 Fraenkel, A Angina Pectoris, Kong f inn Med 10 228, 1891 

9 Osier, William Angina Pectoris, Lumelian Lectures, Lancet 1 697 
(March 12) 1910, 1 839 (March 26) 1910, 1 973 (April 9) 1910 

10 Gallavardin L Les Angines de Poitrine, ed 1, Pans, Masson & Cie , 1925 

11 Longcope, W T Syphilitic Aortitis Its Diagnosis and Treatment, Arch 
Int Med 11 15 (Jan) 1913 

12 Mackenzie, Sir James Angina Pectoris, London, Oxford University Press, 
1923 

13 Lord, F T Discussion, Tr A Am Phys 42 S3, 1927 

14 Lamb, A R Syphilitic Aortitis and Aneurysm of the Aorta in Nelson’s 
Loose Leaf System of Medicine, New York, Thomas Nelson & Sons, 1924, vol 4, 
p 531 

15 Clark, J W Some Features of Aortic Regurgitation in Young Subjects, 
Brit M J 1 1364 (June 10) 1911 
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Coombs/® Levine/' Gallavardin/® Cutler and Fine/® Wenkebach/® 
White and Mudd and others 

Angina has also appeared in rare cases of rupture of, the aortic 
valve (Hirschfelder and Herrick and Nuzum --) In Hirschfelder’s 
case, the coronary arteries were noimal 

Various hypotheses have been advanced to explain the occurrence of 
angina in cases of aortic insufficiency Since most of the cases were 
associated with syphilitic aortitis, the latter condition was held responsi- 
ble by Allbutt for the attacks of angina Nevertheless, he confessed 
that he was unable to account for the angina in instances of rheumatic 
aortic insufficiency in which the aorta was normal Fraenkel held that 
changes m the intraventricular pressure probably played a role m caus- 
ing the angina, and Mackenzie attributed the attacks of pain to some 
peculiar innervation of the heart in aortic regurgitation None of these 
explanations are satisfactory or based on fact We feel that modern 
expel imental evidence has furnished a more logical explanation for the 
occurrence of angina in cases of aortic insufficiency 

Lewis and Drury first demonstrated that the circulatory changes 
taking place in arteriovenous fistula were similar to those seen m aortic 
regurgitation, namely, low diastolic pressure, high pulse pressure, water 
hammer pulse, collapsing pulse, etc They presented evidence to show 
that these signs were dependent on a leak of blood fiom the arterial 
stream and suggested that the same was true m cases of aortic reflux 
Since the coronary blood supply is dependent for the most part on the 
height of the diastolic blood pressure, and since in aortic insufficiency the 
diastolic pressure is characteristically decreased, it was reasonable to 
suppose that a diminished coionary flow was piesent in cases of aortic 

16 Coombs, C P Rheumatic Heart Disease, ed 1, New York, William 
Wood & Co , 1924 

17 Levine, S A Angina Pectoris (Some Clinical Considerations'), J A 
M A 79 928 (Sept 16) 1922 

18 Cutler, E C , and Fine, Jacob Sympathectomy m Angina Pectoris, J A 
M A 86 1972 (June 26) 1926 

19 Wenkebach, K F Angina Pectoris and Possibilities of Its Surgical Relief, 
Brit M J 1 809 (May 10) 1924 

20 White, P D , and Mudd, S G Angina Pectoris m Young People, Am 
Heart J 3 1 (Oct ) 1927 

21 Hirschfelder, H Diseases of Heart and Aorta, ed 3, Philadelphia, 
J B Lippincott Company, 1918, p 388 

22 Herrick, J B , and Nuzum, F R Angina Pectoris, J A M A 70 67 
(Jan 12) 1918 

23 Lewis, T , and Drury, A N Observations Relating to Arterio-Venous 
'Vneurysms Circulatory Manifestations on Clinical Cases with Particular Refer- 
ence to the Arterial Phenomena of Aortic Regurgitation, Heart 10 301, 1923 
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insufficiency Howevei, it lemamed for Smith, Millei and Grabei 
to demonstiate that the coronaiy flow was actually decreased in experi- 
mental aoitic insufficiency in dogs, and that this deciease was caused 
by the loweimg of the diastolic level We have, then, definite pi oof 
that in aoitic insufficiency theie is a diminished blood supply to the 
heait muscle, satisfactoiy grounds for assuming that anoxemia of the 
myocaidium may ensue 

We shall point out later that the greatest stumbling block in the 
way of acceptance of the “coionaiy” (ischemia) theory are the cases 
in which coionaiy obstiuction — that is to say, ischemia — cannot be 
demonstiated To account foi these cases, the hypothesis of coionary 
spasm as the cause of angina was developed It is now possible to 
show that most, practically all, patients with angina pectoiis do have 
a diminished blood supply to the heart, since piactically all patients with 
angina have eithei coionar}^ disease oi aortic insufficiency In the one 
case the deci eased flow is due to anatomic alterations in the coronary 
vessels , in the other it is due to physiologic changes resulting from the 
valvular lesion The end-result in both conditions is the same anoxemia 
of the myocaidium It is no longer necessaiy to assume that spasm of 
the coronaries takes place in angina, a hypothesis which rests on uncer- 
tain evidence and to which theie are weighty objections 

The relative frequency of angina pectoiis m cases of aoitic insuf- 
ficiency caused by syphilis as compaied with the occurience of angina 
in cases of iheumatic aortic insufficiency has been pointed out and 
should be discussed W e believe that this disci epancy can be explained 
In the first place, the valvular disease diffeis in the two types of cases 
In syphilitic aoitic insufficiency the valvular lesion is “puie,” that is to 
say, it IS uncomplicated by the presence of aortic stenosis In rheumatic 
aortic insufficiency, however, there is likely to be associated a more or 
less maiked degree of stenosis, which tends to counterbalance the effects 
of the insufficiency The result is that usually the insufficiency is more 
marked m the syphilitic cases as evidenced by the greater loweimg of 
diastolic blood pressuie, the higher pulse pressure, etc In the second 
place, and probably of gieat impoitance, is the fact that many of the 
patients with syphilitic aoitic insufficiency have, in addition to this 
lesion, nan owing oi complete occlusion of the oiifices of one or 
both coronary arteiies As either one of these lesions may lead to a 
certain amount of diminution of coionary flow, the combined effect of 
the two tends to cause a greatei distuibance than is likely to occur in 
the aveiage case of rheumatic aortic insufficiency 

24 Smith, F M , Miller, G H , and Graber, V C The Relative Importance 
of the Systolic and Diastolic Blood Pressure m Maintaining the Coronary Circula- 
tion, Arch Int Med 38 109 (Julyl 1926 
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SyphihUc AoitiUs — It is well, at this point, to discuss the relation- 
ship of syphilitic aortitis to angina pectoris The frequent association 
of the two conditions has been considered important evidence in favor 
of the aortic theory, particularly since aortic involvement seemed to 
account for the cases not explained by the coronary theory However, 
it IS essential that the facts of the case be carefully examined It is 
insufficient to state merely that syphilitic aortitis was present in a case of 
angina , it is important to know whether syphilitic aortitis alone existed, 
or whether this condition was complicated by the presence of other 
lesions, namely, aortic insufficiency or occlusion of the coronary ostia, 
so commonly found m syphilitic aortitis For example, it has been 
stated by Lamb that angina pectoris occurred in 11 35 per cent of 
613 cases of syphilitic aortitis collected from the literature, yet it is 
difficult to determine from the published data the exact extent of the 
lesions found at necropsy 


Table 3 — Angina Pectoiis m Syplnhttc Aoititis Obseivations at Neaopsies 


Authors Total 

Present series 5 

Gallavardin Les angines de poitnne, ed 1, 

Pans, Masson & Cie, 1925 7 

Pauli Ztsclir f Kreislaufforsch 10 • 169, 

1927 C 

Curshmann quoted by Stadler Die Klinik 
der Syphilitischen Aortenerkrankung, Jena, 

Gustav Fischer, 1912 1 

Osier Dancct 1 697, 839 and 973, 1910, 

M Cliron 44 11, 1906 5 

Mackenzie Angina Pectoris London, 0\ 
ford University Press, 1923 5 

Pmcoffs Tr Am A Phys 42 54, 1927 10 

Thayer Internat Clin 1 1, 1923 9 


Aortic 

Coronary Combined Aortic 

Insuffl- 

Involve- 

Insufficiency and 

ciency 

ment 

Coronary Disease 

5 

2 

2 

3 

7 

3 

2 

6 

2 


1 


3 

3 

2 

3 

5 

3 

Not mentioned 

6 


Not mentioned 

5 



W e previously reported twenty-six cases of uncomplicated syph- 
ilitic aortitis, proved by necropsy, and in not one instance was there a 
history of angina pectoris In table 3, we have listed the information 
obtained from some of the data in the literature 

In every case m which detailed infoimation is given, either aortic 
insufficiency or coionary disease, or a combination of the two, is present 
in cases of angina pectoris associated with syphilitic aortitis This is 
apparently true, too, in case of angina associated with aneurism 
Frankel ® called attention to the fact that angina occurred in patients 
with aneurism, particularly when there were arteriosclerotic changes in 
the region of the coronary vessels Mackenzie recorded an instance 
(case 20) in which the coronaries were sclerosed and stated that “I am 
therefore of the opinion that, when the pain in such cases (aneurism) 
IS found m the region characteristic of angina, it is the heart trouble 

25 Keefer, C S , and Resnik, W H Paroxj'smal Dyspnea as a Symptom of 
Syphilitic Aortitis Arch Int Med 37 264 (Feb ) 1926 




7/9 


KEEFER-RESNIK—ANGINA PECTORIS 

which induces the pain” Similarly, Gialiam Steele stated that the 
coronaiy orifices were always involved iii cases of angina associated with 
aneurism In the two cases desciibed by Osier-" in which necropsy 
notes are available, coronary disease was present in one and aoitic 
insufficiency in the other 

In view of these facts, we aie led to the conclusion that uncompli- 
cated syphilitic aoititis never causes angina pectoiis When angina 
occuis in a case of syphilitic aoititis, either coionaiy disease oi aoitic 
insufficiency is also piesent 

It IS not difficult to undei stand why aortic involvement is actually 
present in most cases of angina Reference to the pieviously given 
classification of the pathologic conditions associated with angina pectoiis 
will make this clear We lepeat that practically all cases of angina aie 
associated vath eithei coionaiy disease or aortic insufficiency When 
coionaiy sclerosis is piesent, there aie piactically always sclerotic 
changes in the aoita When nai rowing of the coronaiy ostia exists, 
the condition is actually caused by syphilitic or arteriosclerotic lesions 
in the aorta On the other hand, when angina is associated with aortic 
insufficiency, the insufficiency is caused m most instances by syphilitic 
aortitis, and it was just the few remaining cases of rheumatic aortic 
insufficiency, in which aortic lesions are not necessaiily found that 
Allbutt was unable to explain by the aoitic theory We see, theiefore, 
that aortic involvement is puiely coincidental in angina It happens to 
cause or to be associated frequently with the lesions that are responsible 
foi angina 

Miscellaneous Conditions (Associated tvith Angina ) — ^Although 
coronary disease or aoitic insufficiency or both aie present m almost 
every instance of angina, there aie exceptional cases associated with 
othei conditions It is tiue that angina has been lepoited in a wide 

26 Steele, Graham Intrathoracic Tumors and Aneurysms in their Clinical 
Aspect, Lancet 2 1605 (Dec 9) 1911 

27 Osier, Sir William Angina Pectoris as an Early Symptom in Aneurism 
of the Aorta, M Chron 44 11, 1906 

28 We are aware of the recent reports concerning the presence of aortic lesions 
in acute rheumatic fever (Pappenheimer, A M, and von Glahn, W C Studies 
in the Pathology of Rheumatic Fever, Am J Path 3 583 [Nov ] 1927) How- 
ever, we do not feel that these observations affect our conclusions Before one 
could admit any possible bearing of these lesions on the occurrence of angina in 
patients with rheumatic heart disease, one would have to show that the lesions 
were present in every case associated with angina, and that most, if not all, of 
the patients in whom the lesions were present suffered from angina In none of 
the cases described by Pappenheimer and von Glahn W'as true angina present, nor 
have the aortic lesions been described in any case of which we are aw'are of a 
patient wuth rheumatic aortic insufficiency associated w’lth angina on whom 
necropsy w^as performed 
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variety of maladies, but a detailed discussion of all of these instances 
would be profitless In many cases, what has been termed angina has 
not been true angina, in many other cases, accurate pathologic data 
are lacking or incomplete Thus, angina has been reported in cases of 
myxedema (Osier,® Means, White and Krantz and Sturgis In 
one case studied by Sturgis, there was a severe secondary anemia, and 
necropsy showed extensive coronary changes It is difficult under 
these circumstances to estimate accurately the role of the hypothyroidism 
or of the subsequent influence of thyroid extract, although it is possible 
to speculate on the effect of increasing the circulatory minute volume 
and the work of the heart by increasing the metabolism Cases of 
angina have been described in association with hyperthyroidism (Means 
White and Krantz,®® Sturgis and Chvostek We, too, have seen 
a patient whose attacks of angina pectoris were closely related to periods 
of active hyperthyroidism During remissions, the attacks disappeared 
But the condition of the coronary arteries is unknown m all these cases, 
and further discussion should be deferred until more definite and com- 
plete information is obtained The same must be said about the attacks 
of pain that sometimes occur in paroxysmal tachycardia (Mackenzie,^® 
Gallavardin and Barnes and Willius Here, again, it is interesting 
to speculate on the part played by changes in coronary circulation and 
m work of the heart (demand for oxygen), but the question must be left 
undecided until we have further evidence regarding the anatomic state 
of the coronary arteries, and the alterations in coronary flow It should 
be emphasized that it is essential to differentiate between the patients who 
have paroxysmal tachycardia as a result of coionary occlusion and those 
who develop angina because of the tachycardia Angina has also been 
found in cases of Addison’s disease (Rowntree and polycythemia 
vera (Kahn®^), but necropsy records are not available 

There are certain cases, however, from which one may draw more 
definite conclusions, and they are of considerable inteiest 

29 Means, J C , White, P D , and Krantz, I C Observations on the Heart 
in Alyxedema with Special Reference to Dilatation and Angina Pectoris, Boston 
M 6L S J 195 455, 1926 

30 Sturgis, C C Angina Pectoris as a Complication in Myxedema and 
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Anemia Heriick and Nuziini “ made the impoitant obseivation 
that angina is sometimes associated with anemia Later, Herrick^® 
lecorded additional cases and collected the literature on the subject 
Coombs and Bullnch made similar observations, and the cases may- 
be discussed together It was found that the severity of the angina was 
proportional to the degiee of the anemia, as the condition of the blood 
improved the angina tended to disappear In the few patients on whom 
necropsy was pei formed, scleiotic changes weie found in the coionary 
arteries, and Bullnch suggested that the anemia acted by diminishing 
the nutrition of the myocardium, already impaiied by coionaiy disease 
Mackenzie,^" Levine,^® Connei and we have also observed cases in 
which there appeared to be a definite connection between the seventy of 
anemia and the onset of attacks of angina pectons 

Another impoitant contribution was made by Willius and Giffin 
who lecently reported a case of pernicious anemia with typical attacks 
of angina At neciopsy, the coronary vessels and the aoita were found 
to be normal Cabot also briefly mentioned three similai cases 

Though these cases are few m numbei, they are of great impoitance 
since they demonstrate beyond question the role of diminished oxygen 
supply to the heait in causing angina pectoris 

Arteriovenous Fistula Attacks of angina have been desciibed in 
a few instances of artei lovenous fistula, the angina disappearing follow- 
ing surgical closure of the fistula (Perthes^-) This observation is of 
interest in view of the woik of Lewis and Druiy,-® and of Smith, Millei 
and Grabei,-'* who showed that m artei lovenous fistula a loweiing of 
the diastolic blood piessuie and a consequent diminution m coronary 
flow lesult This woik adds significance to the repoit of Osier that 
sudden death has occuiied in patients with artei lovenous fistula, no 
obvious cause being found at neciopsy 

35 Herrick, J B On the Combination of Angina Pectoris and Severe 
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36 Coombs, C F A Note on the Cardiac Symptoms of Pernicious Anemia, 
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Pericarditis We shall discuss the question of peiicarditis and 
angina pectoris, not because of any intrinsic interest in the subject, but 
because of certain significance that has been attached to it Pawinski 
desciibed several cases of angina occurring in patients with pericarditis, 
and Allbutt referied to this paper m support of his view that the pain 
in coionary occlusion was due to the development of pericarditis 
However, Pawinski’s paper was written at a time when the clinical 
picture of acute coronary obstruction was not well recognized While 
but few necropsy data are given in the leport, it seems clear from the 
clinical description and course of five cases, that the diagnosis of coro- 
nary occlusion IS highly probable In other woids, peiicarditis was the 
result of the angina (coronary occlusion) and not the cause More- 
over, m three other cases, aortic insufficiency was piesent and the part 
played by the pericarditis m causing the angina is again rendered doubt- 
ful We do not know of any cases in which the dependence of angina 
on pericarditis is be3mnd question 

Neusser stated that attacks of angina pectoris had been reported m 
a few patients with adherent pericardium In some of these, pericaidial 
adhesions had caused constriction of the coronary arteries, m others, 
however, the coronary arteries were apparently intact But he did not 
give any further data about the presence or absence of other lesions 
such as valvular disease, without which the cases neither suppoit nor 
refute the anoxemia theory 

Mitral Stenosis The infrequency of angina pectoris m patients 
with mitral stenosis has long been recognized, although raie cases have 
been reported (Levine,^" Mackenzie and Nothnagel In some cases, 
necropsy was not performed, m others, aortic insufficiency or coronary 
disease was present, rendering the significance of the mitral disease 
doubtful Sternberg reported a case of interest He found at 
necropsy that the left anterior descending coionarj artery may be com- 
pressed between the left auricle and the pulmonary artery m certain 
cases of mitral stenosis In view of this observation, he suggested that 
this obstruction of coronary flow might be the cause of anginal attacks 
in cases of mitral stenosis Telia offered a similar explanation m an 
apparently identical case It is difficult to understand, however, how the 
coronary artery, under arterial pressure, could be seriously compromised 

44 Pawinski, J Ueber den Einfluss der trockenen Pericarditis auf die 
Entstehung der Stenocardie und cardial Asthma, Deutsches Arch f klin j\Ied 
58 565, 1896-1897 

45 Sternberg, M Stenokardie bei Mitralfehlern, Ztschr f klm Med 97 
no, 1923 

46 Telia, L Considerations sur le syndrome de I’angine de poitnne dans la 
stenose mitrale. Arch d mal du coeur 18 531, 1925 , abstr , Am Heart J 1 386, 
1926 
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by pi essui e between stiuctuies oidmaiily under consideiably less tension 
Without inoie data, it must be confessed that the validity of the exjDla- 
nation given is open to question 

There lemain but few cases which may be considered possible 
examples of genuine angina pectoris and which do not fall into one of 
the groups described Oslei’s case,® in which lesions of the coionaiy 
aiteries oi aoita weie absent, is open to question One is impiessed 
by the atypical featuies of the attacks of pain, and the relationship of 
the final attack to the death is doubtful, as chloroform had been admm- 
isteied dining the attack It has been demonstrated by Levy that 
this substance is capable of causing sudden death by inducing ventnculai 
fibrillation Of all Gallavardm’s patients in whom genuine angina was 
consideied to be present, only one failed to show coronary disease or 
aortic insufficiency at necrops}^ In this instance, “azotemic” nephritis 
was present, a condition frequently associated with severe anemia It 
IS not stated whether anemia was piesent in this patient , but without this 
infoimation it is impossible to be ceitam that anoxemia of the heart 
was not present Allbutt ® was able to collect but fifteen cases from 
the literature However, one (case 13) was cleaily an instance of 
coronary obstruction, and in foui aortic insufficiency was present In 
the others, the condition of the aortic valves or anemia are not mentioned 
It IS not only impossible to exclude anoxemia in some of these cases, but 
It IS possible that the cases were not instances of genuine angina pectoris, 
but belonged rather to the group described by Gallavai din as being 
“para-dyspnoeic,” and which he considers distinct from genuine angina 

In summarizing this section on the pathology of angina pectoris, we 
feel justified in stating that when the facts are complete, it is possible to 
demonstiate conditions capable of leading to anoxemia of the myo- 
cardium in practically every case In the few remaining cases m which 
this IS not apparently true, either the diagnosis is doubtful oi the data 
are inadequate to exclude the possibility of anoxemia being present 

CRITICAL REVIEW OF PREVAILING THEORIES OF PATHOGENESIS 

or ANGINA PECTORIS 

There are, at present, three outstanding theories of the pathogenesis 
of angina pectoris which merit particular attention (1) coionary 
theory, (2) aortic theoiy, (3) myocardial exhaustion theory 

1 Disease of the Coionaiy Aiteiies — It was natural that coronal y 
disease should have been implicated early in the explanation of the 
mechanism of angina pectoris Coronary obstruction, more or less com- 
plete, either by a scleiotic process in the couise of the artery, or by 

47 Lew, A G The Exciting Causes of Ventricular Fibrillation in Animals 
Under Chloroform Anesthesia, Heart 4 319, 1912-1913 
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occlusion of the mouth of a coronan artery through sclerosis or syph- 
ilitic invoKement of the aorta, was so frequently found at autopsy in 
persons with the condition, that a connection seemed inevitable This 
new first proposed b} Jenner and Parry, and later brilliantly upheld 
b} Potain and Huchard, has, neveretheless, been abandoned m its strict 
sense Two important obstacles stood m the way of accepting this 
theor)^ (a) cases in -which marked obstruction of the coronar}^ arteries 
was found, in which angina pectoris had not been present during life 
(b) cases of unquestionable angina pectoris m A\hich the coronary 
arteries were found absolutely uninvolved at autopsy 

The first objection to the coronarj theor\, namely, that coronary 
obstruction can exist without angina pectoris being present, can no 
longer be considered valid This objection uas raised at a time when 
it was held that the coronary arteries were terminal arteries and did not 
have any appreciable anastomotic relationship with each other Modern 
work has shown that this assumption is untrue The work of Gross,^® 
Spalteholz and Oberhelman and LeCount has demonstrated beyond 
a doubt that relatively rich communications ma} exist bet\\een the 
branches of the coronaries, the extent of the anastomosis usually 
increasmg iMth the age of the patient Moreo^er, it is a matter of 
common obsen^ation that particular!)- in syphilitic involvement of the 
aorta, the mouth of a coronar)’- arter) ma} be completely occluded 
without any evidence of m}ocardial infarction, that is to sa) with- 
out an} CMdence to show that the heart muscle supplied by the 
occluded arter} had suffered any nutiitional disturbance These obser- 
\ations led to the view (Oberhelman and LeCount that myocardial 
damage depends on (o) the rapidity ^Mth which the occlusion takes 
place — the slo-\\ er the process the greater the opportunity for anastomosis 
to develop, (b) the richness of the preexistent anastomosis with the 
obstructed vessel Even in the event of an acute obstruction, the con- 
nections with the occluded vessel may be so extensive that a serious 
diminution in the supply of blood to the area of the heart muscle sup- 
plied by the obstructed vessel need not develop The recent vork of 
Wearn has emphasized the importance of another avenue by which 
the m}ocardium may receive an adequate blood supply in spite of a 
coronary obstruction, namely, the Thebesian \essels 

48 Gross L The Blood Supph to the Heart, m Its Anatomical and Clinical 
Aspects, ed 1, New York, Paul B Hoeber, 1921 

49 Spalteholz, W Die Artenen der Herzuand Leipzig, 1924 

oO Oberhelman H A and LeCount, L R Variations in Anastomosis of 
Coronarj Arteries and their Sequences, JAMA 82 1321 (April 26) 1924 

51 Wearn, J T The Role of the Thebesian Vessels in the Circulation of the 
Heart, J Evper Med 47 293 (Feb 1) 1928 
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Another important factor of a different nature must be considered , 
namely, the sensitivity of the patient to pain (Libman =-) There is a 
condition in which association with pain is unquestioned, namely, acute 
coronary obstruction with myocardial infarction Yet even m this con- 
dition there may be a complete absence of pain It is not uncommon to 
find at autopsy old scars in the heart muscle, or even fresher infarcts, 
due to coronary obstruction in cases in which a history of pain was not 
elicited Huchard and Gallavardin reported such instances, and 
attributed the absence of pain to the fact that pain could not arise from 
dead tissue We do not consider this explanation satisfactory Pam 
cannot be expected to arise from dead tissue, but this tissue must first 
pass through a stage of injury, when one does expect pain There can 
be but little doubt that it is the injury of the myocardium and not the 
actual death, that causes pain in cases m which there is a myocardial 
infarct We are more inclined to feel that in these instances of myo- 
cardial infarct pain is absent (a) either because the subject is relativeU 
insensitive to pam,^^ (b) or because the infarction occurs so slowly, 
only a few fibers being injured at a time, that the resulting sensation is 
insufficient to arise in consciousness These cases are different from 
those (Herrick in which following the obstruction with its accom- 
paming pain, the angina disappears Here it is logical to assume that 
the infarction and subsequent scarring has thrown out of function, 
beyond doubt, the area of myocardium previously responsible for the 
pain 

In Mew of the foregoing tvo considerations (a) instances in which 
adequate blood supply to the occluded territory is assured by com- 
pensatory' anastomosis betv een the coronary arteries and further by the 
Thebesian vessels so that infarction does not take place, and (b) 

52 Libman, E Obser^atlo^s on Sensitueness to Pain, Tr A Am Phjs 41 
305, 1926 

53 We are unable to account for Galla\ardin’s ftootnote 10) statement that 
in twentj-two of tuenh-five cases of coronar 5 '^ obstruction with infarction pain 
was not present These figures give a totally different impression from those 
published in papers coming from this countrj (Herrick, J B Acute Obstruc- 
tion of the Coronarj Arterj, Northuest Hed 24 593 [Dec 25] 1925, Clinical 
Features of Sudden Obstruction of the Coronarj Arteries, J A A 59 2015 
[Dec 7] 1912, Thrombosis of the Coronarj Arteries, ibid 72 387 [Feb 8] 1919 
Wearn, J T Thrombosis of the Coronarj Arteries uith Infaiction of the Heart 
Am J M Sc 165 250 [Feb] 1923 Libman, E Some Obsecrations on Throm- 
bosis of the Coronarj^ Arteries, Tr A Am Phjs 34 138, 1919 Hamman, L V 
The Sjmptoms of Coronarj Occlusion, Bull Johns Hopkins Hosp 38 273 [April] 
1926) 

54 This view is not far-fetched One is not astonished at obserrmg a fatal 
hemorrhage or perforation from a large peptic ulcer vhich had hitherto remained 
absolutelj sjmptomless, or uhich maj be discorered as an unsuspected obse'^ration 
at autopsj' 

55 Herrick (footnote 53, first reference) 
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instances in ^^hlcll pain is probabty not felt e\en ^^ben infarction does 
ensue either because of the patient’s diminished sensitivity* to pain, or 
because of tbe slov ness of the process of infarction, it can no longer be 
held that coronary disease without angina pectoris is a valid argument 
against the theory that the coronary' arteries are implicated in angina 
pectoris 

There remain the cases of angina pectoris without organic coronary 
disease These cases constitute a far more serious objection to the 
acceptance of an exclusire coronary* theory' Albutt enumerated fifteen, 
and there are others in the literature Some of these cases are unques- 
tionably' instances of genuine angina, but there is serious doubt about 
the accuracy* of the diagnosis m others For example Neusser cited 
a case of Heme, one of so-called “plexus angina,” m which at autopsy* 
lesions (apparently*, tuberculous lymph nodes) \\ere found imolving 
the phrenic and cardiac nerv'es and branches of the left ^agus nerves 
Ho\\ever, Neusser' himself admitted that the clinical history* was not 
typical of angina pectoris as there \\as no characteristic pain on effort 
It seems more likely' that transient complete heart block was present 
Neusser^" also quoted a case of Wallenberg in vhich, follo^^'lng a stab 
V ound there was “anguish m the cardiac region, ’ together ith a 
sensation as if the heart “stood still ’ Here again the history' of the 
attacks is altogether atypical, and the diagnosis of angina pectoris is 
scarcely permissible These cases are illustratne of many that have 
been inaccurately included under the category' of angina pectoris merely 
because the patient has experienced distress in the region of the heart 
They have serv'ed only' to confuse the problem It vould be impossible 
to cover the entire literature of angina pectoris in an effort to sort out 
the cases of true angina from those in which the diagnosis is more or 
less questionable One must agree with Gallavardin that ‘ angina 
pectoris without coronary lesions does not mean much, if one does not 
definite precisely* v ith which sy ndrome one deals ” 

Aside from the cases in ^^hlch the history is sufficiently* aty'pical that 
one has adequate grounds on which to question the accuracv of the 
diagnosis of angina pectoris, there are other examples in which it must 
be admitted that a close similarity* ^Mth undoubted angina exists We 
have shown, how ever, that practically all the patients have aortic insuf- 
ficiency* or some other lesion that may* produce anoxemia of the 
my'ocardium 

56 Von Neusser, E Angina Pectoris New York, E B Treat & Co , 1909, 
p 35, trans into English bj Andrew MacFarlane 

57 Von Neusser, E Angina Pectoris, New York, E B Treat &. Co 1909, 
p 41, trans into English b} Andrew MacFarlane 

58 Galla^ardln, L Les angines de poitrme, ed 1, Pans, ^lasson S. Cie, 1925, 

p 128 
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The coronar}’- theory has been powerfully suppoited by the better 
appreciation of the clinical pictuie of acute coronary occlusion This 
condition is so similar in man} important lespects to angina pectoris 
that a connection between the two has seemed unavoidable to many 
students of the subject It is tiue that there are differences, which we 
shall analyze later, but the close coirespondence m the essential features 
IS inescapable Allbutt ^ has objected to this view, one of the leasons 
being that pain in coronary occlusion is due to the pericarditis that is 
sometimes associated with the condition, in other words, the pain has 
an altogether diffeient origin from the pain of angina pectoris This 
argument certainly has no basis Aside from the fact that the type of 
pain IS practically identical with the pain of angina pectoris, and quite 
different from the pain that one usually encounters in other foims of 
pericarditis, one needs only to point out that pericarditis is not at all a 
constant obserr'-ation in cases of coronary occlusion with pain For 
example, Wearn^'* found pericarditis in six of nineteen patients on 
vhom autopsy was performed, of these, fifteen had acute coronary 
occlusion with pain as an outstanding symptom 

In spite of the objections that have been raised against the theory 
that organic disease of the coronary arteries (obstruction either in the 
course of the artery or at the mouth) is responsible for angina pectoris 
the idea of coronal y involvement has not been abandoned To account 
for the cases of angina without coronary disease, the conception of 
spasmodic constriction of the coronar}’- arteries was evolved This 
view, first advocated by Latham and supported by Neusser " and 
many others, among whom may be mentioned Gallavardm and Kohn,®^ 
seems at first sight to be attractive The attacks that characterize the 
condition are spasmodic, in the typical case they occur suddenly, they 
usually disappear quickly, and the agents that relieve the attacks, the 
nitrites for example, are those whose action diminishes vascular tone 
However, there are difficulties in the way of acceptance of the hypothesis 
of “coronary spasm ” 

First of all, it is difficult to understand why this hypothetic spasm 
of the coronar}’- arteries should occur only in certain types of cases , 
why, for example, it is excessively lare in rheumatic heart disease, 
particularly mitral stenosis, and, indeed, m all other types of heart 
disease except those associated with coronary disease oi syphilitic 
aortitis Secondly, it is difficult to understand how vasoconstriction 
could affect a coronary artery which was already altered by arterio- 

59 Wearn (footnote 53) 

60 Latham, P M Diseases of the Heart London, 1845, quoted from 
ICohn, H Med Kim 22 983, 1026 and 1063, 1926 

61 Kohn, H Angina Pectoris, Aorten oder Koronarh 5 ’pothese, Med Kim 
22 983 (June 25) 1926, 22 1026 (July 2) 1926, 22 1063 (July 9) 1926 
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sclerosis Recognizing that vasoconstriction in an artery thickened and 
hardened b}'- deposits of lime was a ph3fsiologic impossibility, Neusser 
proposed the idea that angina occurred only when the coionary aiteries 
were slightly or moderately affected, when vasoconstriction could no 
longer take place, the attacks disappeared This conception is purely 
hypothetic, as there is no way of determining m life the degree of 
sclerosis of the coionary arteries and the possibility of vasoconstriction 
Moreover, it is contrary to experience, at least m the majority of cases, 
since one finds at autopsy more often than not a high grade of sclerosis 
in patients who, in life, had suffered from typical attacks of angina up 
to the time of death Case 6 of Gallavardm’s series may be cited 
as a single example “the changes in the coronal les, atheromatous m 
nature involve the entire extent of the vessels, which, even 

at the peripher}', roll under the finger like little calcified tubes/' In the 
face of the foregoing observations, Gallavardm went so far as to 
state that m acute coronary obstruction, the pain is not due to the 
actual obstruction, but rather to the coronary spasm that (he assumes) 
accompanies it Yet the symptomatology of acute coronary obstruction 
may occur in patients in whom at autopsy the coronary arteries do not 
differ much from those just described It is, moreover, exceedingly 
difficult to conceive of a spasm lasting for hours or even days, as does 
the pain in some cases of coronary obstruction, a spasm which is prac- 
ticall}'- always unaffected by agents that are usually effective Finally, 
and most important, the idea of coronary spasm has been proposed and 
maintained in spite of almost directly contradictory facts of physiology 
It has yet to be proved that an effective coronar}’’ spasm can actually 
take place There has been little support for such an idea from experi- 
ments on mammals Recently, Anrep and Segall have shown m 
experiments on the heart and lungs that the coronary arteries are actually 
affected by vasomotor nerves, the sympathetic nerves causing a dilatation, 
and the vagi, constriction Even their work has been questioned bv 
Millei , Smith and Graber who were led by their own experiments 
to the conclusion that diminution of coronary flow on stimulation of the 
vagi was purely the result of lowering of the heart rate A final 
decision must be held in abeyance If, however, for the sake of argu- 

62 Gallavardm, L Les angines de poitnne, ed 1 Pans, IMasson & Cie , 1925, 
p 143 

63 Galla\ardm, L Les angines de poitnne, ed 1 Pans, Masson & Cie , 1925, 

p 126 

64 Anrep, G V and Segall H N The Regulation of the Coronary Circula- 
tion, Heart 13 239 (Sept ) 1926 

65 sillier, H G Smith, F M , and Graber, V C The Influence of Changes 
m the Cardiac Rate and Irregular Action of the Heart on the Coronar}^ Circula- 
tion, Am Heart J 2 479 (June) 1927 
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ment, one does assume the possibility of vasoconsti iction through stimu- 
lation of the vagi, but little suppoit is given the coionaiy spasm theoiy 
in angina pectoris Anrep and Segall have shown that when the 
vagus IS stimulated, slowing of the heait and diminution of coionaiy 
flow do not go hand in hand When mild stimulation of the vagus is 
employed, slowing of the heait may occui without any deciease in 
coionary flow (that is, without vasoconstriction) The clinical apph 
cation of their impoitant results is that if vasoconsti iction does take 
place, a slowing of the heart rate must be present The assumption of 
vasoconstriction m angina pectoris falls to the ground, then, since there 
are not any characteristic changes m th^ heart rate duimg an attack of 
angina The rate is usually unaltered , sometimes it is slightly deci eased, 
and sometimes it is slightly increased But there is no constant deciease, 
which IS a necessary pieiequisite for the acceptance of diminished 
coronary flow due to vagal stimulation, whethei Anrep and Segall oi 
Miller, Smith and Graber be ultimately proved coirect There lemains, 
of course, the possibility that the results of the animal experiments do 
not necessarily apply to conditions in the human For the piesent 
this IS a gratuitous assumption Together with the othei facts at hand, 
these experimental results remain a most serious obstacle to the ides 
of coronary spasm m angina pectoris 

One would expect, if coronaiy spasm weie the actual cause of 
angina pectoris, to find faiily frequent examples of myocaidial infarct 
without organic obstruction of the coronary arteiies Occasionally one 
does see examples of healed mfaict m which complete obstruction of the 
corresponding branch of the coronary artery does not exist But these 
cases can be logically explained on the basis of lecanahzation of the 
previously existent thrombus In addition, one may see areas of patchv 
necrosis in an area of muscle supplied by a maikedly sclerotic coionary 
artery, which is, however, patent (e, g , cases 4, 6 and 8 of Gallavai din’s 
series) This neciosis is, in all likelihood, due to the gradual death of 
small groups of muscle fibers caused by impaiied coronaiy flow, rather 
than to sudden death resulting from complete obstiuction Giuber and 
Lanz leported a case of infarct of the heait in a young soldier who 
had, in life, suffered fiom epileptiform attacks The coronaiy arteries 
wei e apparently normal and there was not any obvious obstruction The 
mfaict was thought to be due to coronary spasm, and the epileptifoim 
attacks to spasm of the ceiebral vessels Although the clinical histoiy 
was not that of angina pectoiis, the obseivations at autopsy apparently 
suppoit the idea of coionaiy spasm However, we do not feel that we 

66 Gruber, G B , and Lanz, H F Ischamsiche Herzmuskelnekrose bei 
emem Epilepticker nach Tod im Anfall, Arch f Psychiat 61 98 (Sept ) 1919- 
1920 
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are too conservative when we suggest that such a conclusion be accepted 
with the greatest caution If coronal y spasm can give rise to the 
development of myocardial infarct, it becomes surprising that such cases 
are not more fiequent Yet they must be of the greatest rarity — so 
rare that one cannot help entertaining a ceitam degree of skepticism 
concerning them, particularly when one recalls the admonition of 
Benson that the arterial occlusion may be overlooked unless special 
care is used in opening the coionaries 

A modification of the coronary theoi}’’ has been suggested by 
Danielopolu,®® who considers angina to be due to disproportion between 
coionaiy flow and work of the heart That is to say, coronary insuf- 
ficiency may lead to angina pectoiis in a noiipal heait with normal 
coronary arteries, if the demands on the heart are great enough , coi re- 
spondingly lesser demands will bring on angina when the coronary 
arteries are diseased Even this author invokes spasm as an explanation 
of angina under some cii cumstances This view is satisfactory as an 
explanation of the cases with actual coionary disease, however, 
Danielopolu does not offer convincing evidence that such a coronary 
insufficiency is piesent when the coionary arteries are normal 

We may summarize this discussion by stating that, in spite of exten- 
sive pathologic evidence, it is not possible to accept a theory which 
maintains that organic coronary disease is present m every case of angina 
pectoris Nor is it possible to accept, without serious question, the 
hypothesis of vasoconstriction to explain those cases of angina without 
coronal y obstruction 

2 Disease of the Aorta — This theory is usually identified with the 
names of Allbutt and Vaquez, and more recently of Wenkebach also 
Its chief suppoit rests on the finding of involvement of the aorta in 
practically all cases of angina pectoris This comes from the fact that 
practically all patients with angina have either arterioscleiosis or 
syphilitic aortitis But the aiguments that have been directed against 
the coronary theory aie applicable to the aortic theory as well 
(a) There are cases of angina pectoris without demonstrable disease of 
the aorta Allbutt himself confessed that he was puzzled by the cases 
of aortic insufficiency of rheumatic origin m which disease of the aorta 
could not be discerned Jamison and Hauser reported a case of 
angina in a boy of 18 years , the autopsy revealed coronary disease but 
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no involyement of the aoita (b) Extensive disease of the aoita may 
be piesent without the occuiience of angina One need only think 
of the frequency of aneuiisms m this region, and the compaiative lanty 
of association of angina pectoiis We call attention to a pie\ious 
stud}'- in which a series of t\\ enty-six patients with uncomplicated 
cases of S3'phihtic aortitis (pioved b)'- autopsy) weie found to have 
been fiee fiom both paioxysmal dyspnea and angina pectoris 

To us the most seiious objection to the aoitic theoiy is that it does 
not supply an adequate explanation foi the sudden death It is lemai li- 
able that compaiatively little attention has been paid to this striking 
deficiency in the theoiy It is tiue that “vagal inhibition” was pioposed 
by Allbutt as the cause of death m a paioxysm of pain This expla- 
nation may have appealed logical at the time it was first suggested. 
It can no longer be accepted without gia\e doubt Lewis has justly 
stated “to accuse the Aagus when unexpected syncope tei inmates life, 
in the absence of clear evidence of its responsibility is unjustifiable 

It one starts with the assumption that the tiain of symptoms in 
angina pectoiis, which fiequentl)^ ends m sudden death, is inauguiated 
by stimulation of the nerve endings in the aoita, then sudden death can 
occur only as a result of reflex stimulation thiough the vagus or 
S)mipathetic neives We are not aware of any evidence that stimulation 
of the sympathetic neives may cause sudden death The pioved cases 
of standstill of the whole heart caused by vagal stimulation aie rare,”’- 
and the instances m which ventricular standstill has occurred have been 
almost entiiely in cases with some degree of pieexistent block This 
IS certainly not true m most cases of angina pectoris One mav also 
ask why there aie not any evidences of vagal stimulation dm mg severe 
attacks of angina that do not lead to sudden death One would expect 
to find in these cases definite slowing of the heait rate and piobably 
varying degrees of aunculoventncular block, which is not the case If 
one asks further why involvement of the aorta without cardiac damage 
(the coronary arteiies being intact and no aoitic insufficiency being 
present) is not associated with sudden death, the answer is given that 
sudden death depends on the condition of the heart, a health}’- heart 
withstands the vagal attack If, however, the question depends purely 
011 the condition of the myocaidium, it is strange that sudden death is of 
the utmost larity in a combination such as s}phihtic aortitis and mitral 
stenosis, for example, even when the heait shovs signs of being 
seriously damaged In the study previously mentioned we did not 
find cases of sudden death in instances of syphilitic aoititis associated 
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with hypertension and myocardial failure Finally, as we shall show 
later, the best evidence points to the sudden death being due to ventricu- 
lar fibrillation So far as we know, vagal stimulation does not play an 
impoitant pait in the pioduction of ventnculai fibi illation Experi- 
mentally, Drury was not able to detect any influence of vagal 
stimulation on the refiactor^ peiiod of the ventricle If, as seems 
likely, ventricular fihi illation depends on the same mechanism as does 
auricular fibrillation, namely, the development of a cncus movement, it 
IS practically essential that changes in the refractoiy period of the 
muscle occui 

In the face of these facts, we cannot see any leason foi attributing 
angina not only exclusively, but even occasionally, to lesions of the 
aorta The aortic theory leaves unexplained the cases in which disease 
of the aorta cannot be discovered , it does not afford a logical expla- 
nation for the mechanism of sudden death which is so closely bound 
with the entire problem of angina, and it rests solely on the fact that 
most cases of angina are found to have lesions of the aorta, which, we 
have shown, is purely a coincidence 

3 Exhaustion of the Myocaidnmi — Of Mackenzie's twenty-two 
patients on whom autopsy was peifoimed, eighteen had definite involve- 
ment of the coionaiy aiteiies, of these, thiee had an associated aortic 
insufficiency, two had aortic stenosis and one had an aneurysm Two 
had myocardial changes (presumably due to coronary disease although 
this is not definitely stated) and two had combined aoitic, mitral and 
tricuspid disease of rheumatic oiigin In the latter two patients there 
apparently was not any coionary disease Mackenzie was convinced of 
the importance of the coronary arteries in angina pectoris , but being 
unable to explain the cases in which the coronal les were uninvolved, 
he resorted to the conception of “myocardial exhaustion,’’ usually due to 
deficient blood supply, occasionally to exhaustion from other causes 
He confessed that he was puzzled by the frequency of angina pectoris 
in cases of aortic insufficiency 

One gathers the impression that Mackenzie was essentially a “coro- 
narian” and that the idea of “myocardial exhaustion” was one which 
was designed to cover those cases in which there was not any coronary 
disease In view of the indefiniteness of the term “exhaustion,” it is 
rather difficult to advance arguments for or against this hypothesis It 
IS not acceptable, however, for it leaves unexplained the inegulanty in 
the occurrence of angina pectoiis m various types of heart disease with 
exhausted heart muscle It does not account for- the frequency of 
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angina in cases with coronary disease or aortic insufficiency or the 
rarity in cases with mitral stenosis, for example Indeed, it is well 
known that when the myocardium is most exhausted, that is, when the 
evidences of congestive failure are most maiked, the symptoms of 
angina tend to disappear, even m peisons who have previously been 
subject to the condition It is rather when the m}ocaidium has a 
lelatively good reserve, as manifested by the freedom from dyspnea, 
that the anginal symptoms aie most striking The hypothesis does not 
explain why all patients who ultimately die of heait failure, exhaustion 
of the myocardium, do not sometime in then caieei, suffer fiom 
angina 

In summary, it may be stated that all three of the theoiies as they 
stand today are inadequate On the othei hand, we have demonstrated 
before that practically all cases of “true” angina pectoris have lesions 
that may produce anoxemia of the myocardium, and it lemains to show 
how anoxemia may bung about the manifestations that characteiize 
angina pectoris 

CAUSE OF PAIN IN ANGINA PECTORIS 

The striking similaiity between angina pectoiis and intermittent 
claudication has long been noted In both instances the pain is brought 
on by effort, it is cramplike m character and lapidly leheved by rest 
In intermittent claudication there is not any question about the cause 
of the pain it is due to diminished blood supply to the muscles 

The experimental woik of MacWilham and Webster'® is important 
m explaining ceitam characteristics of the pain m skeletal muscle They 
found that when the blood supply to the arm is shut off by constiiction, 
pain IS not caused even at the end of twenty minutes, provided the 
muscles lemain quiet When, howevei, the ischemic arm is made to 
contract, fatigue is brought on much moie quickl> than it is m the 
normal arm, and at the fatigue point, there is severe pain Moreovei, 
pain can be elicited even before the fatigue point is leached, at a time 
when the contractile power of the muscle is still good This latter fact 
IS of importance, since it is at least a partial answer to the objection that 
may be raised, namely, that heart muscle cannot be fatigued It demon- 
strates that whethei or not there is any relationship between pain and 
fatigue under the circumstances of a muscle contracting when its oxygen 
supply IS inadequate, pain is the eailier manifestation In view of the 
close con espondence of these results with the clinical facts of angina 
pectoris, these authors suggest that processes of essentially the same 
nature are lesponsible for the pain in the latter condition 

73 klacWilliam, J A, and Webster, W J Some Application of Physio]og\'’ 
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Even more com incing evidence is afforded the natural experiment 
of acute coronary obstruction a condition characterized by one outstand- 
ing circumstance the production of a sudden acute anoxemia of the 
myocardium It is scarce!} necessar} to call attention to the similarit} 
of this pain to that of angina pectoris, attested from the fact that acute 
coronan occlusion vas long Called status anginosus Whatever differ- 
ence exists between the Wo conditions is explainable by the persistence 
of anoxemia in acute coronary obstruction This condition bears the 
same relation to angina pectoris that an acute and complete obstruction 
of the femoral arter}’^ bears to intermittent claudication 

Unfortunately the nature of the problem makes it impossible at 
present to obtain more direct evidence with regard to the question of 
pain b} means of controlled experiments When one considers, ho\\e\er 
that a picture analogous to that of angina pectoris is produced in skeletal 
muscle by a diminished blood supply , and also that ‘ status anginosus" 
IS caused chnicalh b} acute coronar}- obstruction, it seems to us that 
the evidence is strong that anoxemia of the heart muscle can cause the 
pain of angina pectoris This conclusion attains added significance in 
view of the pathologic data demonstrating in practically ei ery authentic 
case of angina a lesion that gnes rise to anoxemia of the m}Ocardium 
Not only, then do we have a highl} suggestne and reasonable expla- 
nation for the pain in angina but we are not aware of am actual facts 
that speak so directly for distention of a diseased aorta as a possible 
cause of anginal pain One would expect such a pain to arise in many 
instances of tabetic crises, for example, or m attacks of lead colic, in 
which a sudden acute hypertension occurs, presumably causing at least 
as much distention of the aortic wall as will occur in the ordinar} 
muscular exercise that brings on pain in angina pectoris This is not the 
case Nor is there am actual support for the belief that an “exhausted’ 
m}ocardium can cause pain wdnch simulates closely the pain of angina 

It would not sene an} useful purpose to speculate much on the 
actual mechanism of pain stimulation m the presence of anoxemia of 
the nwocardium Nor is it pertinent to this discussion to comment on 
the nenous pathwa}S of the sensor} stimuli from the heart It is w'ell 
to call to mind again how^ever, a point which w^e ha\e alread} men- 
tioned namely the probable variation in sensitivit} to pain in different 
persons, as this ma} account for the occurrence of marked coronar}* 
disease even with complete obstruction in patients w'ho may ultimatelv 
die of the disease without eAer haMiig experienced pain during life 

CA.USE or SUDDEX DEATH IK AKGIKA PECTORIS 

One of the remarkable features of angina pectoris is the frequency 
of sudden death This has been commented on since the time of 
Heberden Of IMackenzie s 284 fatal cases 120 terminated suddenh 
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As the figure 284 includes many instances of “secondaiy” angina, that 
IS to say, cases which were not true angina at all, the percentage of 
sudden deaths among the cases of true angina is higher than would 
appear from the figures In W indler’s group of twenty-eight patients, 
sixteen died suddenly In a group of twenty-three fatal cases studied 
by Wilhus,'^® in eighteen,^ or 76 per cent, death was sudden In our 
own group of fifteen fatal cases, eleven ended by sudden death It 
would seem that about 60 to 75 per cent of the patients with angina die 
suddenly 

It may be well to appioach the topic from another angle, and to 
inquire m what forms of heart disease sudden death comparable to the 
death in many cases of angina is likely to occur The frequency in 
coronary disease is well known Thus, in 200 patients with more or 
less extensive coronary disease, 160, or 80 per cent, died suddenly 
(Benson and Hunter In another group, 49 per cent of the patients 
with arteriosclerotic heart disease died suddenly (Willius) It is 
probable that appi oximately the same percentage of instances of sudden 
death would be found in other large series of cases of marked coronary 
disease The other condition in which sudden death is a striking occur- 
rence is aortic insufficiency, particularly of syphilitic origin This is a 
well known clinical fact In a group of twenty-one fatal cases of 
syphilitic aortic insufficiency that we have observed in sixteen, or 
76 per cent, death was sudden , of these, in eight there was occlusion of 
one of the coronary ostia Stadler reported sudden death in twenty- 
three of his fifty-two patients with aortic insufficiency, there was 
encroachment of the coronary orifices in twenty-two instances, a remark- 
ably high percentage While sudden death may occur when the coro- 
nary arteries are involved, it is much more frequent when aortic 
insufficiency is present as well Sudden death is not infrequent in 
rheumatic aoitic insufficiency, and Mooie'® stated that “such cases 
geneially terminate in sudden death and, of all causes of transition from 
what seems fair health to immediate death, aortic valvulai disease is the 
most frequent ” 

We have not attempted to gather more statistics bearing on this 
subject, as we believe the conclusions are sufficiently well recognized 
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to be be}ond serious dispute It is seen then, that sudden death occurs 
in exact!}' those conditions AMth ■^^hlch angina pectons is most often 
associated coronan, disease and aortic insufficiency, especial!} of 
S}phi!itic origin There is apparently some fundamental relationship 
between the characteristic pain of angina pectoris and the phenomenon 
of sudden death 

To i\Iac^^hlllam belongs the credit of having first suggested 
■ventricular fibrillation as the probable mechanism b} -which sudden 
death occurs m heart disease He -was led to this conclusion from the 
observation that in experimental vork on animals sudden death always 
resulted at the onset of this rln-tlim it ne\ er took place by sudden stand- 
still of the heart He also noted that ^entrlcular fibrillation was par- 
ticularly prone to occur when the -ventricles were rendered susceptible 
b} a poor blood supply or by the long duration of the experiment 
Resnik also pointed out the marked tendenc} for A'entncular fibnllation 
to de-velop when dogs were subjected to breathing mixtures of low 
OX} gen pressure Under these conditions the abnonnal rlntlim some- 
times occurred spontaneously, more frequent!} it was caused by some 
stimulus, such as slight handling of the \entricle a procedure insuf- 
ficient ordinarily to cause such an effect m a w eU-ox} genated hean 

Further important experimental evidence is available m the work 
of Lew is and of Smith®- on experimental ligation of the coronary 
arteries The} showed that sudden death following the ligation was 
due to ^ entncular fibrillation often preceded by ventncular tach} cardia 
In thi light of these experiments considerable significance is attached 
to the observ^ations of Robinson and Hermann®® who reported clinical 
cases of ventricular tachycardia due to coronar} occlusion 

When we sum up these data we find that not only does angina 
pectoris terminate suddenly m a high percentage of cases but that 
sudden death m heart disease occurs m just those cases that haAe lesions 
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commonly associated with angina We find also that the weight of 
expel imental evidence supports the view that sudden death is practically 
always due to ventriculai fibrillation, and that this rhythm is par- 
ticularly likely to develop under conditions that pioduce anoxemia of 
the myocaidium Finally, theie is pi oof that ventiiculai tachycardia, 
a foieiunner of fibi illation, is frequently due to coionaiy obstiuction 
in clinical cases 

Not uncommonly sudden death occuis in patients who have appar- 
ently never suffered pain We have aheady leferred to the fiequency 
of such an event in patients with syphilitic aoitic insufficiency or with 
more or less seveie coronary obstruction It is leasonable to assume 
that the state of anoxemia dependent on these lesions has piedisposed 
the ventricles to fibi illation, as it does expei imentally This ihythm 
may then develop spontaneously, or it may be set off by some stimulus 
It IS possible that an exti asystole may act in such a manner, just as 
a properly timed shock may expei imentally determine the onset of 
auricular fibrillation (Lewis) It is, of course, piactically impossible to 
determine with certainty what the actual final stimulus is that causes 
the appearance of ventiiculai fibiillation m the clinical case It would 
seem, however, that some condition pioducmg anoxemia of the ventiicle 
IS an almost necessaiy piedisposing factor 

If we accept the views that anoxemia of the heait muscle produces 
the pain of angina pectoiis, and that ventiiculai fibiillation, caused 
fundamentally by anoxemia, is the cause of sudden death, it becomes 
clear why sudden death is so common in angina and why this frequent 
outcome is so insepaiably bound with tiue angina The pain and the 
sudden death are both expiessions of the same underlying cause One 
may almost state that the teimination of the condition depends on the 
accidental development of ciicumstances that favor the appeal ance of 
ventricular fibrillation Once the ventiicle has been lendered susceptible 
by anoxemia, this ihythm may appear at any time, usually after 
paioxysms of pain have occuiied over varying peiiods, sometimes even 
before any pain has evei been caused Its appearance is synonymous 
with piactically instantaneous death 

ANGINA PECTORIS AND CORONARY OBSTRUCTION 

We have aheady intimated that the close similaiity between the 
clinical aspects of angina pectoiis and acute coionary occlusion consti- 
tutes evidence of gieat impoitance in establishing the coionary 
(anoxemia) tlieoiy Yet the fact that there are ceitam differences m 
these conditions has been used by Allbutt ^ to disci edit the strength of the 
argument Lambei t has also emphasized the diffei ences between 
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coronary disease and angina pectoris, and they can best be shown b}”- 
the following outline 


Coonary Disease 
Epigastric pain more common 
Djspnea present 
Arrhythmias frequent 
Frequencj of rales in lungs 
Pam is of long duration 
Nitrites do not gire relief 
Attacks maj occur at night 


Angina Pectoi is 
Epigastric pain less common 
D\spnea absent 
Arrhjthmias absent 
Lung signs absent 
Pam IS of short duration 
Pam relie\ed b} nitrites 
Attacks rare at night, eveept late m 
disease 


It IS obvious that what is called “coronar}’^ disease” by Lambert is 
actual^ acute coronary obstruction That being the case, one may add 
other differential points fever, Ieukoc3'tosis, pericarditis, emboli in 
distant organs, low blood pressure, acute pulmonar) edema and urinar} 
suppression — all these occurring in acute coronary occlusion and all 
absent in angina pectoris However, none of these so-called differential 
points holds m coronar} disease without complete occlusion, and it is 
not difficult to explain their piesence wdien acute and complete occlusion 
does take place 

The position and radiation of the pain do not differ fundamental!} 
in the tw’’o conditions, usually being exactly the same It does seem 
true that epigastric pain is relatively more common w hen acute obstruc- 
tion develops, but epigastric pain m angina pectoris is far from 
uncommon, and such a relative difference can hardl} be consideied of 
serious import in distinguishing betw^een “coronary disease ’ and 
angina pectoris The occurrence of dyspnea, arrh3i:limias and signs of 
congestion in the lungs are simply and logically attributed to the fact 
that in acute coronary obstruction, myocardial infarction takes place , 
a greater or lesser part of the m}Ocardium is throvn completely out of 
function It IS not surprising, under these circumstances, if changes in 
rhythm and signs of myocardial failure (so-called congestive t}pe) 
arise It is characteristic of angina pectoris that wdien pain develops, 
the patient stops short and usually maintains absolute quiet until the 
paroxysm has disappeared Such absolute quiet is not often present in 
cases of acute coronary obstruction and wnth good reason The 
patient with angina is brought to a halt by his pain since he has learned 
from experience that the less he moves the more rapidly wnll his pain 
disappear The patient overcome by coronar}'- occlusion is not faced by 
any such happ} solution of his problems As in typical angina, anoxemia 
of the m}ocardium develops How'ever it is not due to a transient 
inabiht} on the part of the heart muscle to receive an adequate supply 
of OX} gen It is due to a lesion wdnch cuts off the oxygen supply 
permanently Xot only, then, is the pain more seAere, but it persists 
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Ihe most profound quiet will not cause its underlying cause to dis- 
appear Is it to be wondered at that such a patient does become restless 
and toss about ^ This is what will occur m an}'- condition associated 
with excruciating pain when quiet will not relieve the pain It becomes 
apparent, too, why nitrites will not affect such a pain It does so m 
angina pectoris by lo'v\’'ermg the blood pressure and possibly dilating 
the coronary arteries, thus doing away with the condition of relative 
anoxemia of the heart diminishing the demand for ox}gen, and at the 
same time increasing the supply These effects can have little or no 
influence on a type of anoxemia caused by actual obstruction of the 
artery The anoxemia is no longer relative and transient, it is permanent 
and absolute (disregarding compensatory anastomoses that may later 
develop) The frequency of occurrence of acute coronary occlusion at 
night IS purely a question of chance An obstruction is just as likely 
to form during the night as during the day The usual absence of 
nocturnal pain m angina is conditioned solely by the fact that the 
patient is at rest, he does not undertake any effort sufficient to bring 
on pain It is unnecessary to enter into a detailed explanation of the 
other manifestations of acute coronary occlusion fever, leukocytosis, 
pericarditis, etc These symptoms can all be explained as being the 
result of the presence of dead tissue m the myocardium, and the effects 
of the sudden devitalization of a greater or lesser part of the 
myocardium 

An analysis of the apparent differences between “coronary disease” 
and angina pectoris reveals that these differences are entirely dependent 
on the differences m degree of anoxemia of the heart muscle m the two 
conditions We repeat that m angina pectoris the anoxemia is relative 
and transient It disappears when the cause of the anoxemia, increased 
work of the heart, disappears In acute coronary occlusion, the 
anoxemia is absolute and permanent The blood supply is shut off, 
and effort is no longer necessary to bring on anoxemia Acute coronar} 
obstruction is prolonged angina pectoris It is, m fact, exactly what 
it used to be termed before the clinical picture of coronary occlusion 
was well understood, status angmosus It is, however, something more 
than a severe, prolonged attack of angina, for the simple reason that 
the permanency and degree of the anoxemia introduce another factor, 
myocardial infarction, and the events that depend on this development 

ANGIXA PECTORIS AND OTHER TYPES OF CARDIAC PAIN 

We have stated before that the term “angina pectoris” should be 
applied only to the condition that corresponds to the one described by 
Heberden, charactenzed by a more or less typical pain and by the likeli- 
hood of termination by sudden death We have insisted on the essen- 
tiality of this second feature, because we believe the eMdence is 
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sufificiently strong to attribute its occurience to the same underlying 
cause that brings on the pain, anoxemia of the heart muscle 

There is not any doubt that there are other types of cardiac pain 
which closely simulate “true ’ angina pectoris One may add that m 
some instances the pain may be indistinguishable clinically from the 
pain of the condition described by Heberden, at least by our available 
methods Yet these pains do not merit the name “angina pectoris” 
since they do not have the same cause They do not depend on a 
disturbance of function that may lead to sudden death The fact that 
the pain ma)’^ closely resemble that of angina pectoris need not lead 
us astra}'- in our formulation of a conception of the pathogenesis of 
angina Is it unreasonable to assume that the stimulus that gives rise 
to the pain in these cases, irrespective of the cause of the pain, reaches 
the same nervous paths that are brought into play in Heberden’s angina, 
and hence produces pain of essentially the same distribution^ Yet it 
must not be assumed that pain occurring in a certain region of the 
chest and radiating in a characteristic way is necessarily synon)’^mous 
with the condition called angina pectoris 

Y^’e may illustrate our meaning b}"^ an analogy The pain of duodenal 
ulcer has certain well defined features that are well known and need 
not be enumerated It is a mattei of common experience that identical 
symptoms may be caused by conditions other than duodenal ulcer To 
carr} the analogy further, it can be stated that one great difference 
between these conditions and duodenal ulcer is that m the former there 
IS no possibility of the occurrence of certain events that may distinguish 
the latter, namely, the occurrence of hemorrhage or perforation In 
spite of the similarity in symptomatology^ the pathologic basis for the 
full development of the clinical picture of duodenal ulcer is not found 
m these other conditions No one considers them the same in spite of 
the clinical resemblance 

We do not wish to enter into a discussion of the differential diag- 
nosis of angina pectoris This has been ably done before We do wish 
to emphasize that the condition described by Heberden has a definite 
and single cause, anoxemia of the heart muscle The problem of angina 
pectoris IS not to determine what may be its cause It is to determine, 
whether, in a given case, angina pectoris is actually piesent YHien the 
diagnosis is reached, there should be the implication that anoxemia of 
the heart muscle is present and that sudden death may ensue This 
statement is not a mere play on words It is the attempt to define the 
nature of the malady’- clearly described by’- Heberden If we substitute 
“anoxemia” for “coronary’^ disease,” the aphorism of Huchard is true 

85 We do not mean that it is unimportant to determine the etiology of the 
lesion producing anoxemia of the myocardium If this is found to he syphilis, for 
example, striking therapeutic results ma> be obtained bv appropriate measures 
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“There is only one angina pectoris, the angina pectoi is due to anoxemia 
of the myocardium All others ai e false ” 

CONSIDERATION OF CERTAIN PROBLEMS CONCERNED WITH THE 
ANOXEMIA THEORY OF ANGINA PECTORIS 

A certain number of questions come to mind with regard to the 
1 elation of anoxemia to angina pectoi is, some of which can be answeied, 
and others of which must be left to futuie solution Why, foi example, 
should anoxemia evei occur in the lieait muscle m a case of coionaiy 
disease, if there are anastomoses between the coronar}- arteiies, and 
if the Thebesian vessels can nouiish the heait muscle even when the 
coronary arteiies are completely obstructed^ It is true that the myo- 
cardium may not suffei any apparent injury m the presence of a marked 
occlusion of one or even both coronary arteries But the fact remains 
that myocardial iiijuiy does occui in many instances, and the problem 
is to determine not whether anoxemia of the myocaidium may occui, 
but rather under what circumstances it does occur The question has 
been well answered and summarized b}'^ Oberhelmaii and LeCount to 
whose work we have alread} leferied infarction following coronary 
obstruction depends on the rapidity of the vascular occlusion and the 
richness of the preexistent tmastomoses In addition, Wearn’s woik 
has showed that a third impoitant factor is the extent to which the 
Thebesian vessels may take up the buiden of nouiishmg the myocardium 
We have the two exti ernes m the one case, complete compensation 
for an obstruction of the coionary aiteiy, so that the patient does not 
suffer any symptom and the heait muscle does not undergo any change 
as a result of the vascular occlusion, in the other case, myocardial 
infarction takes place Between these two exti ernes he the various 
gradations of symptoms and pathologic damage that may be piesent m 
angina 

A much moie difficult pioblem is to deteimme why angina pectoi is 
develops 111 such a lelatively small peicentage of the patients with aoitic 
insufficiency, all of whom have a loweiing of the diastolic pressure, and 
hence, presumably, a i eduction of the coronary flow Does the reduction 
of the coionaiy flow necessaiily mean a i eduction of blood supply to the 
myocaidium^ The role of the Thebesian vessels undei these circum- 
stances IS not known, and it is possible that the extent to which these 
vessels may compensate foi the i educed coionary flow may play some 
pait in determining whethei angina develops One fact of clinical 
interest tends to demonstrate that aortic insufficiency does act by dimin- 
ishing the coronal y blood supply Angina pectoi is is much more com- 
mon in syphilitic aPrtitis when both aoitic insufficiency and occlusion of 
a coronary ostium aie piesent, than when the latter lesion alone exists 
In othei words, the valvular lesion adds something to favoi the develop- 
ment of angina, and it is logical to assume that this factor is the 
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diminution in blood supply through the coronary aiteries In addition 
to the question of the role of the Thebesian vessels, a second factor of 
considerable importance in this connection is the probable variation m 
the capacity of the heart muscle to resist the effect of anoxemia (to incui 
an “oxygen debt”) These two factors, the degiee of compensation 
through the Thebesian vessels, and the individual variation in the myo- 
cardial tissue to withstand anoxemia, in addition, of course, to the 
extent of the valvulai lesion, are piobably important m determining 
whether oi not angina appears in a case of aortic insufficiency How- 
ever, at the present, there is no definite answer to this problem, and 
the same holds true for the question of angina in pernicious anemia 
What we have attempted to do is to show that m eveiy case of genuine 
angina pectoris there is a lesion that may produce anoxemia of the 
myocardium, and that anoxemia of the myocardium may account for all 
the characteristic manifestations of angina, conversely, angina does 
not develop in the absence of anoxemia, and theories which assume 
some other derangement of function do not explain the chai actei istic 
features of angina We do not yet know under just what circum- 
stances anoxemia will affect the myocardium so that angina will appear, 
or by what mechanism anoxemia calls forth a paioxysm of pain But 
these uncertainties do not differ materially from innumerable similai 
ones in clinical medicine, even in conditions that are well understood 
It is generally agreed that “mountain sickness” is caused by anoxemia , 
yet symptoms appear in one person, and fail to appear m another, when 
both are subjected to the same degree of anoxemia (lowered oxygen 
tension) To say that the extent of the symptoms depends on the 
completeness of compensation for the anoxemia is no more than saying 
the same about the appearance of angina pectoris when there is anoxemia 
of the myocardium « 

One IS often confronted by a clinical case, the features of which are 
suggestive of angina pectoris in certain respects, and atypical m others 
Are they cases of genuine angina^ The question is, of course, of the 
utmost importance, but it is, nevertheless, no real concern of the issue 
at hand It is one that has to do with diagnosis, and not with the 
pathogenesis of angina Unfortunately there is not, at present, an 
absolute criterion of diagnosis of angina pectoris So far as we know, 
the decision in an individual case must be determined by the outcome 
If a patient with atypical symptoms of angina dies mstantaneouslv, the 
presumption is that the patient actually suffered from angina during life 
and that a lesion producing anoxemia will be found at necropsy If the 
patient does not die instantaneously, or if he does not develop the typical 
clinical picture of acute coronary occlusion, there fnust be a certain 
amount of doubt about the diagnosis 

We have stated that the paroxysms of pain in angina pectoris are 
provoked by increasing the demands on the heait and leheved bv dimin- 
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ishmg the work of the heart, and that a case of angina is likely to 
terminate by sudden death This rule applies to most cases, and it 
remains to discuss the exceptions These exceptions are more apparent 
than real 

Cases Chai acteiized by Spontaneous Development of Pam — 
Although angina is usually initiated by some factor whose influences on 
the demands of the heart are obvious, such as effort or emotion, there are 
other instances in which the angina seems to arise spontaneously, as 
during rest or sleep Certain of these cases can be dismissed at once, 
namely, those due to acute coronary obstruction We have already 
pointed out the relation of these cases to angina, and further elaboration 
IS unnecessary Angina is really caused by a disproportion between 
the demands on the heart and the oxygen supply to the heart In these 
cases, the oxygen supply is suddenly reduced below the requirements of 
the heart of even the resting person 

There are other cases not due to acute coronary obstruction The 
exact physiologic changes that precede the attacks of pain are not 
known However, the observations of MacWilliam are of importance 
in this connection They have demonstrated that sudden elevations of 
blood pressure or sudden increases in heart rate may occur during sleep, 
particularly disturbed sleep These sudden changes may be as marked 
as those that occur during moderate exercise Moreover, the reduc- 
tion of blood pressure during such attacks is frequently followed by a 
rapid disappearance of pain (Mackenzie,^^ case 17, Schwartz®^) In 
other words, the changes in the circulation causing increased work of the 
heart may arise without effort, and they explain, in part at least, why 
angina occasionally arises during rest 

There is another group of cases that seems to be closely associated 
with attacks of paroxysmal dyspnea That is to say, certain patients who 
suffer from paroxysmal dyspnea frequently have nocturnal attacks of 
angina Indeed, angina may occur only at night in these patients 
Without going into a discussion of the still disputed subject of par- 
oxysmal dyspnea, it may be said that it has been shown that the attacks 
are preceded by a gradual increase in heart rate, blood pressure 
and circulatory minute volume (Eppinger, von Papp and Schwarz 
It IS conceivable that many of the attacks of nocturnal angina, occurring 

86 MacWilham, J A Some Applications of Phj'siology to Medicine III 
Blood Pressure and Heart Action in Sleep and Dreams, Their Relations to 
Hemorrhage, Angina and Sudden Death, Brit M J 2 1196 (Dec 22) 1923 

87 Schwartz, S P Paroxysmal Cardiac Pam, Am Heart J 2 497 (June) 
1927 

88 Eppmger, H , von Papp, L , and Schwarz, H Ueber das Asthma Cardiale, 
Versuch zu einer peripheren Kreislaufpathologie, ed 1, Berlin, Julius Springer, 
1924 
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in people subject to paroxysmal dyspnea, are brought on by these circu- 
latory changes that piecede and accompany paroxysmal dyspnea 
Angina occurs, however, only in those who are already predisposed by 
other lesions that reduce the oxygen supply to the heart, such as coronary 
disease or aortic insufficiency 

f 

Cases Chai actei iced by Attacks not Rapidly Relieved by Rest — 
Little need be said about the long duration of the anginal attacks m 
coronal y occlusion the anoxemia is permanent and constant, and hence 
unaffected by rest It is also a matter of experience that nocturnal 
attacks, even when they aie not caused by coronary occlusion, are often 
of rather long duration We think it likely that most of the cases occur 
in persons subject to paioxysmal dyspnea, and that the long duration of 
the anginal attacks may be due to the continued increase in circidatory 
minute volume that occurs before and during the attacks of paioxysmal 
dyspnea, whatevei may be the fundamental cause of the increased 
circulatory minute -volume This lelationship between certain attacks of 
angina and paroxysmal dyspnea has been recently pointed out b} 
Braun 

Cases not Ending by Sudden Death — In some cases, the outcome is 
not by sudden death Exclusive of those patients who die of some 
intercurrent infection or other uni elated malady, practically all others 
die because of failure of the heart muscle Some develop coronal y 
occlusion and the condition is terminated by lapidly progressive myo- 
cardial insufficiency In otheis, the myocardial damage is less abrupt, 
and death ultimately occuis with the common pictuie of chronic progres- 
sive failure of the heart muscle These latter cases furnish the examples 
for the statement that angina tends to disappear when heart failure 
supervenes The explanation, as Mackenzie has stated, is undoubtedly 
due to the fact that when myocaidial failure develops m these patients, 
their activities are so lestncted on account of dyspnea and othei 
disabilities that they are unable to exert themselves sufficient!} to bring 
on pain 

Reference to charts 1, 2, 3 and 4 may illustrate oui meaning more 
clearly The figuies are simple diagrammatic i epresentations of what 
takes place m a patient suffering from dyspnea or angina, oi both 
Chart 1 shows the gi adual steady increase in dyspnea, proportionate with 
the increase in effort®” After a ceitain amount of effort the stage 

89 Braun, F Ueber die Kombmation ion Asthma cardiale mit A.ngma 
Pectoris, Wien khn Wchnschr 40 1278 (Oct 13) 1927 

90 By effort, is really meant a certain effort m a given unit of time That is 
to say, a certain task m a certain time may bring on dyspnea, a similar task in 
twice the time may cause no dyspnea The same principle holds true for the 
causation of pain By incapacity is meant inability on the part of the patient to 
continue his effort The diagrams are not intended, of course, to be absolutely 
accurate Thev are sufficiently accurate, however, to illustrate the points at issue 
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IHCAPACin 



Fig 1 — Illustrating the gradual increase in dyspnea, which is proportionate to 
the effort expended 


INCAPACITI 



Fig 2 — Illustrating the freedom from pain up to a certain point and then the 
sudden appearance of the symptom which increases to incapacitating mtensit> in 
a short time 
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Fig 3 — Illustrating the course of events in a patient suffering chieflj from 
angina pectoris, but also from a mild degree of myocardial insufficiencj' The 
djspnea increases gradual)}, but before this symptom has become severe enough to 
limit the effort of the patient, pain suddenly appears and reaches an incapacitating 
intensitv 
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Fig 4 — Illustrating the course of events in a person suffering from angina 
pectoris and severe myocardial insufficiency In this case, breathlessness increases 
so rapidl} that the stage of incapacity is reached before pain has had a chance 
to develop The patient loses his symptoms of angina until m}ocardial function 
IS sufficiently recovered and the effort to produce incapacitating pain again 
becomes less than the effort to produce incapacitating dyspnea Pain is repre- 
sented by a light dash instead of a heav'y dash to indicate that it actually does 
not occur under the foregoing arcumstances Pain is indicated merely to draw 
its relation to dyspnea 
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of incapacity is gradually reached, and the patient comes to a halt 
Chart 2 shows the development of pam in a patient suffering from 
angina It is meant to demonstrate that up to a certain point, effort 
does not cause any symptom of warning Suddenly pain appears, and 
typically this pain reaches an incapacitating intensity with striking 
rapidity Chart 3 demonstrates the development of pain and dyspnea 
in the same patient, the pain being the outstanding symptom It shows 
that dyspnea does not become a prominent symptom in such a person, 
since incapacitative pain appears before dyspnea of any marked se^ erity 
has had a chance to develop Chart 4 illustrates the disappearance of 
pain m a person suffering from marked dyspnea (m}ocardial insuf- 
ficienc} ) The d3'’spnea increases as it usually does, gradually and 
proportionately with the effort But in this case, it increases so rapidly 
that incapacitation through dyspnea takes place before pain has had a 
chance to develop 

Finally, there are cases characterized by long remissions, in some 
of which cures are practically obtained Gallavardin recorded thirty- 
eight cases in which theie were remissions ranging from a year and a 
half to eighteen years It seems probable that the freedom from pain 
IS due to the development of anastomotic channels, with temporary 
and possibly permanent relief of the anoxemia of the affected heart 
muscle 

It may be seen, therefore, that the exceptions to the rule that angina 
IS provoked by effort, rapidly relieved by rest, and likely to end in 
sudden death, are more apparent than real Certainly in most cases, an 
adequate explanation for the exception can be found 

SUMMARY AND CONCLUSION 

A critical anal} sis of the theories that attribute angina pectoris to 
coronary spasm, to disease of the aorta or to myocaidial exhaustion 
demonstrates that these views are open to such serious criticism that 
they become unacceptable, on the other hand, it can be shown that 
anoxemia of the heart, in the sense in which we have employed the 
term, explains every characteristic of angina, including the likelihood of 
sudden death, which must be considered an integral feature of the con- 
dition The percentage of instances in which conditions capable of 
producing anoxemia of the myocardium have been found in cases of 
undoubted angina is so high that the accuracy of the diagnosis in the 
few remaining instances seems open to question We feel that an 
eclectic theor}^ which admits a varied basis for angina should be 
abandoned The angina pectoris of Heberden has but one cause 
anoxemia of the myocardium 

Bdhngs Hospital, Universitv of Chicago, 58 South Street 
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It often happens that the clinical symptoms of a disease are not in 
accordance with the organic lesion actually present This fact is con- 
spicuous in stomach diseases To see achylia develop without any sub- 
jective symptoms is an everyday experience The symptoms of gastritis 
do not develop simultaneously with the pathologic-anatomic changes m 
the mucous membrane of the stomach Even such a lesion as cancer of 
the stomach is frequently free from any definite symptoms for a long 
time This variation of symptoms is particularly characteristic of the 
gastric and duodenal ulcers In some cases one finds violent pains 
and fatal hemorrhages, in others there is a complete absence of symp- 
toms, mostly pel iodic, but sometimes throughout the course of the dis- 
ease This behavior can be so constant that periodic latency is diagnostic 
m certain forms of ulcer In such a case, however, the pathologic- 
anatomic picture IS in keeping with the S}mptoms, as it is mostly char- 
acterized by negative obseivations The classic description of ulcer of 
the stomach suggests the picture of a simple defect of the mucous mem- 
brane with no leaction about it, and this fact is indicated by the teim 
“ulcus simplex ” 

In the last six or se\en years, however, this classic “simplicity” in the 
anatomic lelations of ulcer of the stomach has encounteied inci easing 
criticism, which I shall discuss later As to the clinical symptomatology, 
on the other hand, there has not been great progress m the last gen- 
eration, in spite of the maiked development of methods of examination 
Methods are lacking for the detei mination of when the ulceration takes 
place, when it is healed and what really does happen m the latent periods 
I have attempted to attack this problem fiom various angles, but here 
I shall discuss only an anahsis of the temper atuie m gastric and duo- 
denal ulcers 

The fact that fever occasionally is present m ulcei is not altogether 
unknown But it has not received the attention it deserves with regard 
to its diagnostic and practical significance I have not found this subject 
mentioned m any of the many textbooks I have examined From this 
fact I conclude that the occurrence of fever in gastric ulcer is not gen- 
eially laiown The special literature on ulcer of the stomach mentions 
now and then that fever can be associated with hemoiihages, but so far 

* Lecture delivered at the Northern Medical Congress in Copenhagen, July, 

1927 
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I have succeeded in finding only one papei which mentions fevei as a 
complication of nonbleedmg ulcers This was an article by Kioner/ 
which appealed lecently He cited one eailiei authoi, Lorenz, who was 
said to have found fever in 23 5 pei cent of his 179 patients with ulcei 
of the stomach Kioner studied 300 patients with ulcei s fiom Stiauss’ 
department in Beilin, and found fever, without any demonstrable cause, 
in 17 5 pel cent of them It should be mentioned, however, that Kroner 
legal ded a single use of tempeiature to 37 5 oi 37 6 C as fevei 

My mateiial compiises 386 cases fiom the Municipal Hospital 
(Copenhagen), depaitment III, during the yeais 1922-1926 This num- 
bei includes all the cases I diagnosed as ulcer I investigated the fre- 
quency of fevei in these cases, and I did not considei an isolated use of 
temperatuie as “fevei,” no mattei how high the tempeiatuie rose I 
have included only those patients in whom the fevei lasted several days 
I found these fever peiiods in 207 of the 386 patients, that is, m 51 5 per 
cent Naturally one must exclude all cases in which there was the 
slightest indication that the fevei might have been due to causes other 
than the lesion m the stomach Foi that reason, I analyzed each indi- 
vidual case report, and found that twenty-eight cases had to be left out 
(among these were active and suspected cases of pulmonaiy tubeiculosis, 
pyelitis and cholelithiasis In addition theie weie seven patients in 
whom the tempeiature lose shoitly befoie the onset of menses, so that 
a premenstrual rise of tempeiature had to be taken into consideration) 
After these cases aie deducted, my mateiial includes 358 patients, 
of whom 179 had fever, that is, 50 per cent The fact that I found 
fever in 50 per cent of the patients while Kioner found fevei in 17 pei 
cent might well be due to differences m the kinds of lesions It is reason- 
able to assume that the fevei is less fiequent m old and latent lesions 
than in acute conditions That theie leally is such a diffeience between 
the two groups is evident on a compaiison of the fiequency of manifest 
hemorrhage (hematemesis and melena, but not the occult bleeding) In 
Ki oner’s gioup the hemorihages occuiied in 25 of 300 patients, 
or 8 per cent, I found hemoirhages in 161 of 386 patients, oi 41 7 per 
cent As the fever most often is associated with hemoirhage, one will 
readily undei stand the difference between the gioups This diffeience 
is due to the fact that the Municipal Hospital admits only patients with 
acute cases This might also explain why the specialists m diseases 
of the stomach have not attached so much impoitance to the fevei, as 
the patients who consult them usually aie those in whom the condition is 
chronic 


1 Kroner Ueber Fieber bei Ulcus ventriculi et duodeni, Deutsche med 
Wchnschr 52 1777, 1926 
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Leube mentioned the complication of fever m gastric ulcer, but he 
considered the fever an exception Eichhorst (1887) clamed occasion- 
ally to have seen a mild fever when the intestines contained a large 
amount of blood after hematemesis but as the temperature returned to 
normal on elimination of the blood, he regarded the rise of temperature 
as an absorption fever Strumpel stated that a slight rise of tempera- 
ture, the so-called anemic fever, was common subsequent to hematemesis 
However, Otto Leichtenstern - (1891) was the first one to investigate 
this relation systematically, and he used the term “febris methemate- 
metica,” which he defined as “a fever that sometimes is quite mild, 
sometimes rather high, sometimes perfectly atypical, irregular and 



Chart 1 — Gastric ulcer in a man, aged 60 In this and the following curves, 
all the rises of temperature above 37 C are filled in black A black square 
indicates hematemesis A black sphere indicates melena -f indicates weak, 
-) — h medium and -j — | — (- strong benzidin reaction , — indicates negative benzidin 
reaction 



Chart 2 — Gastric ulcer in a man, aged 51 


remittent, sometimes continuous for several days ” He found this 
fever to be a frequent, even a regular, phenomenon m hemorrhages from 
gastric ulcer, and he regarded it as an absorption fever because it 
usually did not appear until two oi three days after the hematemesis 
while the patient still was constipated Most other clinicians who have 
dealt with this question at all (for instance, Riedel, Stahelin, Ewald,^ 
Fleiner) subscribe fully to Leichtenstern’s view I have not found any 

2 Leichtenstern Intravenose Kochsalzmfusion bei Verblutungen, Samml 
klin Vortr 25 260, 1891 

3 Ewald Magenkrh , Eulenburg’s Realencvklopadie der gesammten Heil- 
kunde, Vienna and Leipzig, Urban & Schwarzenberg, 1897, vol 14, p 287 
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tables that illustiate this question except in a leport by Jacobs and in 
the lecent woik by Kioner, who found fever in eleven of twenty -five 
patients with manifest heinoi i hages, i e , in 45 pei cent This figuie is 
consideiably lower than that of my group, piobably owing to the moie 
acute chaiacter of my cases 

In my 358 cases I have taken into account only those hemoii hages 
which weie definitely demonstrated in the hospital Hemoii hages which 
occuired while the patients weie at home without subsequent occult 
bleeding in the hospital aie not included Theie aie 138 cases of definite 
hemoirhage, and fevei was associated with the hemoirhage in 125 cases, 
01 90 5 per cent In some of these cases, howevei, a possible souice of 
erioi must be taken into consideration Thirty-five of the patients weie 



Chart 3 — Gastric ulcer in a man, aged 41 



Chart 4 — Gastric ulcer in a man, aged 32 


tieated with an injection of gelatin, this pioceduie can cause a use of 
tempeiatuie for fiom one to two days Thiity-two of the patients, 
howevei, had fever previous to the injection of gelatin Hence, there 
weie only three cases in which the eftect of the gelatin cannot be disre- 
garded with absolute certainty If these thiee cases aie excluded, of a 
total of 138 patients there lemain 121, oi 87 5 per cent, in whom fever 
was piesent 

CAUSES OF FEVER 

What can be the cause of this fever ^ It can be taken for granted 
that the anemia in itself did not cause the fever That this is tiue is 
evident fiom my mateiial, as many patients with a mild anemia had high 
fe^er. and numeious patients with a most seveie anemia showed a 


4 Jacobs, cited b^ Kroner (footnote 1) 
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Chart 5 — Man, aged 42 The first rise of temperature occurred in connection 
with melena Nearly three months later, hematemesis occurred two times, followed 
by rise of temperature and death with symptoms of anemia Autopsy peptic ulcer 
of jejunum with erosion of vessel No other demonstrable cause of elevation 
of temperature, m vivo or at autops 3 ' 



Chart 6 — Juxtapylonc ulcer m a man, aged 45 



Chart 7 — ^Juxtapylonc ulcer m a man, aged S3 



Chart 8 — Gastric ulcer m a man, aged 48 
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marked rise of temperature only for a few days aftei the hemorrhage, 
while the anemia persisted or e\en increased without any fever A 
comparison of the patients with and without fever might give some 
information on this subject The blood was examined immediately after 
the hemorrhage in nine patients who did not have subsequent fe\er 
The hemoglobin percentage was 55 or moie in all of them In the 
febrile cases, the hemoglobin content was above 55 per cent in 
seventy-two patients and below 55 per cent in thirty-four patients 
Kroner’s result is analogous to mine But when Kronei concludes from 
this lesult that the fever is dependent on the “violence” of the hemor- 
rhage, I cannot agree with him For, if the hemorrhage and the fever 



Chart 9 — Hematemesis and death with symptoms of anemia m a woman, 
aged 44 Autopsy showed ulcer of small curvature with erosion of artery 
Other observations at autopsy were negative 



Chart 10 — Juxtapylonc ulcer m a man, aged 39 


are caused by the same process (inflammatory, for instance), then this 
process might conceivabl}^ have accomplished the “violence” of the 
hemorrhage and the fever alike, without these being directly dependent 
on each other Two of my afebrile cases are of interest m this connec- 
tion, both patients having had profuse hemorrhages which caused death 
m a few days In neither did the temperature exceed 37 2 C Autopsy 
revealed in both instances that an erosion of the vessel wall was the 
cause of the profuse hemorrhage One can readily understand that 
when these ulcers did not cause a rise of temperature previous to the 
hemorrhage, fever would not necessarily lesult from the minimal erosne 
process that is required for the perforation of a vessel already laid bare 
On the other hand, m an acute and febrile inflammatory process, which 
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lapidly destroys the mucous membrane and m doing so perforates a 
vessel, “violent” hemonhage and fever can appear simultaneously with- 
out being caused by each other In the last ten yeai s m the department, 
autops}'^ material was obtained fiom five patients who had died fiom 
hemorrhage m ulcer of the stomach without the temperature rising 
shortly before death In all these cases the ulcers were old and callous 



Chart 11 — Duodenal ulcer in a man, aged 63 



Chart 12 — Gastric ulcer in a woman, aged 64 



Chart 13 — Gastric ulcer in a man, aged 32 



Chart 14 — Gastric ulcer in a woman, aged 52 


In three death occuried fiom the erosion of a dissected aiteiy at the 
bottom of the ulcer In addition, I have one case in which an operation 
rerealed a callous ulcei with some scar foimation Large hemorihages 
had occuiied repeatedly, without any fevei, about thiee weeks pievious 
to the operation If this point of view is coirect, one would expect the 
afebrile hemonhage to be most frequent m old ulcei s, and I found that 
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twelve of the thirteen patients with afebrile hemonhages had ulcer 
symptoms for several years (fioin two to thirteen years) In only one 
case were the symptoms of a recent date (two months) On the other 
hand, all the apparently recent ulcers weie found in the febrile group, 
namely, nineteen patients, in whom the fiist symptoms had appeared 
within the week before examination (the hematemesis was practically the 
first symptom m the stomach in these cases) Collecting all the febrile 
cases with first symptoms of not moie than two months’ duration on 
admission, I find ninety-two patients in this group, that is, 74 per cent 
Thus all the recent ulceis occur in patients of the febrile group, while old 
ulceis are found both in the febiile and the afebrile gioups Fever is fie- 



A 



B 

Chart 15 — Gastric ulcer in a woman, aged 55 The hemorrhage lasted 
eighty-nine days, the rise of temperature, nmety-six da 3 's 

quently associated with an acute exacerbation of the old piocess But, 
of course, old ulcers can also give use to fever when they become 
secondarily infected My expeiience demonstiates, I believe, that acute 
ulcers and acute exaceibations of old ulcers frequently are connected 
with fever, apart fiom the fever of secondaiy infection 

I ha^e tried to answei the question whether absorption oi decom- 
position of large amounts of blood in the intestines can give rise to 
fevei For that reason I have compared the ulcer with other conditions 
in which a gieat deal of blood is poured into the intestines The hemoi- 
rhages from esophageal \arices seem most appropiiate for such a com- 
parison During the last ten yeai s I have perf oi med seventeen autopsies 
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in which esophageal hemorrhage was the cause of death Three of the 
patients had complications which gave sufficient cause for the fever 
present, and in one patient the temperature was taken once only 
(37 9 C ) shortly before death The temperature was normal in the 
remaining thirteen patients foi from one to four days after the start of 
the hemorrhage Most of these patients, however, died in from one to 
three days after admission, and the others soon developed febrile com- 
plications (bronchopneumonia, otitis, phlegmons) In only two 
patients did the temperature remain normal for four days after the 
onset of the hemorrhage This did not happen once after a severe 
hemorrhage in m}*^ patients with ulcer of the stomach Autopsy was not 
performed on seven patients who died of hemorrhage from esophageal 



Chart 16 — Hemorrhage from esophageal varices m a man, aged 48 



Chart 17 — Epistaxis in a man, aged 48 In this chart the black squares 
indicate bleedings from the nose At the cessation of bleedings he had 

1.700.000 red corpuscles That the anemia was due to the bleeding is evident, 
as he had 2,800,000 red corpuscles ten dajs later 

■varices Four of these had complications which explained the mild 
fever , the other three had a normal temperature throughout In one 
of these patients (fig 16) the number of red blood cells decreased to 

2.500.000 In the patients with ulcer such a case did not occur wnthout 
fe\er Of course, the diagnosis of hemorrhage fiom esophageal varices 
IS never absolutely sure -without an autopsy, but such a case proves that 
large amounts of blood can pass through the intestines without causing 
fe^er 

The hemorrhages from cancer of the stomach geneially are not 
suitable for comparison, because the amount of blood usually is small, 
and because fe^er often de^elops without hemoirhage Howe\er, I 
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encountered twelve patients with cancel of the stomach with severe 
heinatemesis Five of these had a noimal tempeiatuie for at least six 
days after the hemoiihage One would tliink that epistaxis would be 
suitable for comparison, but most of my cases cannot be used for this 
purpose because the case lepoits do not indicate how much blood passed 
through the intestines Only two of my cases allow any conclusion m 
that respect In the hist case, foi two weeks the hemoirhage was 
sometimes pi of use, sometimes continuously oozing, the count of red 
corpuscles decreased to 1,700,000 Ne^eltheless, the tempeiatuie 
remained normal (apart from a complicating angina [fig 17]) In the 
second case, the tempeiature remained normal for five days aftei an 
epistaxis, which was followed by several tai -colored stools 



Chart 18 — Gastric ulcer m a woman, aged 74 



Chart 19 — Gastric ulcer m a man, aged 38 


Finall)', I saw seventeen patients with hemorrhage from gastiic ulcer 
without rise of temperature This proves that not every accumulation of 
blood in the intestines causes fever 

The entire control material needs to be increased and additional 
investigations must be carried out before one can definitely decide the 
question whether accumulation of blood m the intestinal tiact can of 
itself give rise to fever, but even fiom the mateiial at hand, one can 
conclude that not eveiy accumulation of blood in the intestinal tract 
IS followed by fever And, fortunately, my expeiience with ulcers gnes 
some information on this question 

If the blood in the intestines weie the only cause of the fever, one 
would expect a ceitain i elation between the rise of tempeiature and the 
letention of the blood in the intestinal tract And such a relation must 
be piesent in one lespect, namely, with legaid to the height of the fever 
The highest temperature was usualh present while the patient was kept 
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constipated, as Eichhorst has alread)- observ^ed In my patients the f e\ er 
frequent!}' subsided at the same time that the first bowel movement 
occurred, but this vas not conclusne, as I tried to keep the patients con- 
stipated until they felt perfect!} well, i e , until the fever ceased I found 
it hkeh that decomposition of the blood in the intestines caused fever or 
at least increased a preexisting fe\er, but the fe\er was not at all pro- 
portionate to the amount of blood in the intestines The elevated tem- 



Chart 20 — oman, aged 68 Autopsj Ulcer of small curvature No other 
demonstrable cause of fe^er 




Chart 22 — ^Juxtap 3 loric ulcer m a man, aged 39 


perature persisted in a number of cases a long time after the last trace of 
blood had disappeared from feces, and the test was done vith the 
sensitne benzidine reaction (figs 18 to 32) This relation was found m 
68 of 138 cases and was indicated in mam more cases 

Hoveier, one can proceed a step farther One can examine those 
cases in vhich neither hematemesis nor melena were present, and in 
vhich the occult bleeding could be demonstrated only vith benzidine 
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Chart 23 — Gastric ulcer m a woman, aged 39 
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Chart 24 — Juxtapjloric ulcer in a woman, aged 33 


igiliiiBiiliilBi 



ISil 


SiSiBBIiliilBiBliB 



BEi 
yJBBBE 



Chart 25 — Gastric ulcer m a woman, aged 47 
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Chart 26 — ^Juxtapjdoric ulcer in a woman, aged 67 



Chart 27 — Duodenal ulcer in a man, aged 67 


















Chart 29 — Gastric ulcer in a man, aged 41 
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Chart 30 — Juxtapyloric ulcer in a man, aged 55 
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Chart 31 — Juxtapyloric ulcer in a woman, aged 64 
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(figs 33 to 37) According to Gregersen, the weakest benzidine I'eac- 
tion indicates a total of 1 Gm of blood in the entire intestinal tract , and 
it IS not possible that such small amounts of blood can cause fever fiom 
absorption oi decomposition I have seen twenty-eight such cases of 
occult bleeding, and twenty-one of these, or 75 pei cent, weie febiile 
The bleeding could not be considered established in three of the twenty- 
eight patients, as the benzidine i eaction was positive only once, i e , 
immediately after admission , thus the i eaction can ha^e been due to the 




Chart 33 — Ulcer of small curvature m a woman, aged 75 



consumption of meat before admission If these three patients are left 
out, the fever percentage rises to 84 per cent , and this is about the same 
fevei percentage as that in manifest hemorrhages 

In 01 der to prove that the fever is due to some cause other than the 
hemorrhage, one should demonstrate the presence of fever in patients 
with ulcei but no hemorrhage (figs 38 to 44) In the 386 patients with 
ulcer, theie were 13 of this type When one considers that 40 per 
cent of the 386 patients were admitted to the hospital because they had 
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Cliart 37 — Duoclendl ulcer in a man, aged 37 
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manifest hemorrhage, thirteen is not such a small number They com- 
prise 6 5 per cent of the patients with nonbleeding ulcers It is a fore- 
gone conclusion that the large majont) of chronic latent ulcers are 
afebrile Autopsy as done on two of the thirteen patients with febrile 
nonbleeding ulcers Both ulcers were old, large and callous, with a foul 
base In such cases it is reasonable to assume that the ulcer was the site 
of a secondary infection The other eleven ulcers were juxtapylonc or 
duodenal In the group “ulcer with manifest hemorrhage,” the diagnosis 
of juxtapylonc and duodenal ulcer was equally frequent in the febrile 
and the afebrile groups (50 and 47 per cent, respectively) 

From this investigation I think I am justified in the conclusion 
that many patients with gastric and duodenal ulcer develop a rise of 



Chart 38 — Duodenal ulcer in a youth, aged 19 



Chart 39 — Duodenal ulcer m a man, aged 29 The rise of temperature 
was not due to pains, as the> occurred at night several hours after the rise 
of temperature 


temperature which is not associated with hemorrhages Large amounts 
of blood in the intestines, apparently, are capable of increasing this fever , 
and, perhaps, the decomposition of the blood can give rise to fever, but 
this question requires further investigation This fever may vary to 
some extent, but it most decidedly tends to be continuous and with rela- 
tively small variations 

I think It will pro\ e of some practical \ alue to take these tempera- 
tures into account In some of my patients, a slight elevation of the 
temperature was the only demonstrable sign of an otherwise latent 
period Even though all other s>mptoms were absent, the temperature 
still indicated that the ulcer itself or its fundamental cause had not 5 -et 
been cured Since I ha\e realized this fact, I have ordered the patients 
diet and rest in bed accordingly A slight elevation of the temperature 
can sometimes persist for weeks, and I believe it to be of some conse- 
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quence There is no reason wh} one should pay less attention to this 
temperature than one does in the treatment of tuberculosis It is doubt- 
ful, I beheie, that this temperature will prove of value in differential 
diagnosis, but it is not altogethei unimportant that one learn that an ulcer 
of the stomach can be associated with a fever, which is not unlike the 
tuberculous feier At any rate, the presence of fe\er can no longer be 
used to differentiate between a hemorrhage from pulmonary tuberculosis 
and one from an ulcer of the stomach 



Chart 40 — ^Juxtapyloric ulcer in a man, aged 53 



Chart 41 — Ulcer of small curvature m a woman, aged 49 



Chart 42 — Juxtapjlonc ulcer in a woman, aged 48 


GASTRITIS 

But how can this fever be explained^ Faber ° demonstrated that the 
postmortem smooth or atrophic mucous membrane by no means excludes 
the possibility of a pronounced gastritis during life, and I have begun to 
realize lately that the smooth ulcer found at autopsy really is a product 
of the postmortem effect of the gastric juice Resections of the stomach 
particularly have furnished new information on this subject Askanazy ® 

5 Faber Acute and Chronic Gastritis, Kraus &. Brugsch, 1921, \ol 5 

6 Askanazy Bau u Enst d chr Magengegeschwurs, etc, Virchows Arch 
f path Anat 234 111, 1921, 250 370, 1924 
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studied the fresh material from resections, and said that he was “aston- 
ished ’ the first time he looked at a recently removed and carefull} pre- 
pared ulcer E^en as late as m 1919, Ashoft wrote that “aiw special 
deposits on the ulcer, exudates and necrotic masses, are practically 
absent,” and that “the lack of inflammatory changes m the sunounding 
mucous membrane usually is conspicuous” The fiist contradictory 
statement, as far as I ha\e been able to find out, came from Faber’s 
department when G Lange ' ( 1910) mentioned some more or less 
marked mflammatoi} processes m about half of his material obtained 


38 


37 


lb 


35 



Chart 43 — Gastric ulcer m a woman, aged 24 



Chart 44 — Juxtapjlonc ulcer in a man, aged 32 



Chart 45 — ^Juxtapjloric ulcer in a woman, aged 27 


by resections These, howe^ei, were mostl} some very old ulcers In 
1921, Faber wrote, in his treatise on acute and chronic gastritis in Kraus 
and Brugsch’s textbook, that the acute hematogenous gastritis which 
deielops subsequent to infections does not show anj macroscopic signs 
of gastritis, but that the microscopic examination reveals a marked round 
cell infiltration between the glands, usualh associated with a marked 
deielopment of hmphoid tissue This process continues farther in a 
number of cases, forming small hemorrhagic erosions which can develop 


/ Lange, G Studier o\er den kronische Gastritis, Inaug Diss , Copenhagen, 
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into small ulcerations and result in an acute ulcerative gastritis These 
erosions can give rise to hematemesis ivith more or less extensive inflam- 
mation of the mucous membrane, particularly around the ulcerations 
“When the gastritis has persisted for some time, one can find that some 
of the small ulcerations extend farther out and particularly downward, 
forming a transition to true simple ulcers ” 

In 1921, Askanazy published a report on forty-four resected ulcers 
in which he “almost constantly” found even macroscopically four dif- 
ferent layers (1) a layer of exudate, (2) beneath this a 1 3 by 1 5 mm 
thick opaque stratum, the “fibrinoid or diphtheroid necrotic zone”, 
(3) a layer of granulation tissue, often several millimeters in thickness, 
and (4) deepest, a la}er of scar formation — at least in the older ulcers 
The three first layers were of such a delicate structure that even the 
weakest stream of water at autops} would remove them, not mentioning 
the postmortem digestion It is not any wonder that the dissecting 
anatomist does not find these layers In the fibrinoid zone Askanazy 
always found numerous leukoc}tes and often circumscribed “abscess- 
artige Erweichungsherde ” He considered the fibrinoid layer to be the 
product of an ever-developing, at least periodic, acute inflammation 

In the last two or three years Konjetzny ® studied this resection 
material, and he came to the conclusion that a chronic gastritis is present 
with every ulcer of the stomach or duodenum, particularly in the region 
of the antrum, while the fundus usually does not show this condition 
In foity-one resections for duodenal ulcer, he found gastritis and duo- 
denitis present in 100 per cent, and m 54 5 per cent of these cases there 
were additional inflammatoi) defects of the mucous membrane outside 
the ulcers, i e , erosions He was strongly supported by Kalima,'’ who 
claimed that ulcers always were associated with a diffuse or focal 
gastritis and often with superficial ulcerations, and that this lesion was 
most marked in the p}loric area of the stomach and along the small 
cur\ature, while the other sections of the stomach were affected but 
slightl} There is no doubt that these erosions developed on bases of 
the gastritis and appeared in groups The intermittent course of the 
gastrititis was piobably the cause of the periodic appearance of the 
symptoms of ulcer In this connection, Kahma mentioned that Faber 
had emphasized the fact that the uncomplicated chronic gastritis had a 
tendency toward an intermittent course This helped to explain the char- 
acteiistic exacerbations of peptic ulcer 

8 Konjetzny Surgical Aspects of Chronic Gastritis, Arch f khn Chir 
129 139, 1924, Inflaminator\ Basis for Duodenal Ulcer, Deutsche Ztschr f Chir 
184 ; 85 1924, Inflammator^ Genesis of Ulcer of Stomach and Duodenum, Arch 
f Verdauungskr 36 189, 1925 

9 Kahma Chronic Gastritis and Gastric and Duodenal Ulcers, Acta chir 
Scandmav 58 122, 1925 
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Schmmcke found gastritis in 100 per cent of his patients with 
ulcers, von Haberer,^^ Heidenhein, Duschl,’“ Orator and Finsteier 
came to similar results in reality, although their theoretical interpretation 
of these results were somewhat divergent In 1926, Bohmansson 
published the results of 185 resections in the hospital of Numeaa 
Almost every section showed macroscopically a pronounced redness of 
the entire pyloric area, which uas frequentl} swollen and edematous, 
while the fundus was much paler This condition seemed to Pe constant 
m gastric ulcer and less constant in duodenal ulcer Microscopic exami- 
nation shoued a constant increase of the plasma cells and polymorpho- 
nuclear leukocytes in the form of perivascular infiltration The pus cells 
not infrequently accumulated as miliary abscesses He considered the 
gastritis to be the primary lesion, and thought that the teim "gastiitis 
ulcerosa” would be correct I icMewed his mateiial in the hope of 
finding some recent and acute cases Howe\er, it contained only six 
cases, but even these constantly showed considerable inflammatoiy 
changes in all the tissue la}ers with a macroscopic swelling and ledness 
of the mucous membrane 

I will cite his case 63, because it is the only one in which the tem- 
perature IS mentioned 

The patient was admitted with a “slight” hematemesis and a temperature of 
38 7 C The fever lasted for one week The symptoms m tiie stomach had 
been present for two months onl> At the operation three ulcers were found 
above the angle At least one of these was of recent date The w'hole pyloric 
portion was considerably thickened On macroscopic examination of the 
resected specimen the pyloric portion was found to be hardened, infiltrated, 
somewhat sw'ollen and red, and there was a sharp line ot demarcation betw'een 
the normal mucous membrane of the fundic portion and the swollen mucous 
membrane of the pyloric portion Microscopic examination show^ed a considerable 
plasma cell infiltration with occasional pus cells 

This case, then, was one of ulcer with a slight hemorrhage, consider- 
able inflammation and fever — exactly the combination of symptoms that 
I take to be characteristic Of course, to operate when an ulcer is in 
statu nascendi, so to speak, will always be a raie coincidence, but opera- 
tions have been done at a still earlier stage of the ulcer formation, 

10 Schmmcke Anatomische Befundean Ulcusmagen, ^funchen med Wchn- 
schr , 1923, p 1525 

II Haberer Zentralbl f Chir 51 67, 1924 

12 Duschl Anatomy of Stomachs Predisposed to Ulcer, Deutsche Ztschr 
f Chir 187 55, 1924 

13 Orator Gastric Ulcer, Alitt a d Grenygeb d Aled u Chir 35 214, 
1922, Beitr ? A'lagenpath, Virchows \rch f path Anat 255 639 1925 

14 Bohmansson Surgical Treatment of Gastric and Duodenal Ulcers, Acta 
chir Scandinav 60 1, 1926 
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namely, before the ulceiation took place One of Borgbjaerg’s (1922) 
two cases is of special interest The operation did not reveal an ulcer, 
but a flat, purulent infiltration of the mucous membrane 2 cm wide 
On microscopic examination Melchior found considerable purulent 
changes, especially m the mucosa, with thickening of the submucosa and 
considerable diffuse cell infiltration, and a large portion of the gland 
crypts had undergone necrosis and liquefaction It is moie than prob- 
able that such a lesion is just about to become an ulcei, and it most likely 
will cause some fever 

More and more cases of this kind are being reported Thus 
Konjetzny (1924) reported no less than nine analogous cases in which 
he performed operations Most of the patients presented typical symp- 
toms of ulcer for years — with hematemesis m four of them — and yet 
the operations did not reveal ulcer but chronic gastritis Orator reported 
three cases of the same nature 

Thus, one may find every “ulcer symptom,” peiiodicity, pains at 
night, hematemesis and even pyloric stenosis as in Borgbjserg’s case, all 
present in chionic gastritis — a fact which Faber also has emphasized 
One then naturally asks if, after all, the gastritis in gastric ulcer is not 
the lesion which gives the so-called symptoms of ulcer The symptom 
that has been the subject of my investigation, namely, the fever, is 
leasonably referable to the gastiitis At any rate, it is evident from the 
quoted cases that the gastritis fiequently is of such an inflammatory 
nature that the piesence of fever seems reasonable 

COMMENT 

When one looks at the whole matter fiom this point of view, the 
question is not how often the bleeding ulcers are associated with fever, 
but how often fever is connected with those lesions of the stomach from 
which ulcers develop In 121 cases of manifest hemorrhages with fever, 
the diagnosis of ulcer was certain m fiftv-nine patients , for in these 
patients the diagnosis was based on autopsy, on operation or on the 
presence of chaiactenstic subjective symptoms, loentgen-iay observa- 
tions, positive evidence in the functional stomach test and hemorrhage 
Thirty-two additional patients showed characteristic signs of a lesion 
in the stomach, a chaiactenstic anamnesis and hemoiihage — making a 
total of ninety-one patients oi 75 pel cent In twenty-two patients the 
hemoirhage occurred in direct connection with a peiiod of dyspepsia, 
these together with those just mentioned make 113 patients, or 93 5 per 
cent, with symptoms in the stomach and hemorrhage The lack of 
objective signs apart from the hemorihage in the last twent}-two cases 


15 Borgbjaerg Ulcerative Gastritis, Arch f Verdauungskr 30 73, 1922 
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was clue to the fact that most of the lesions were acute, so that the char- 
acteristic signs had not had sufficient time to develop, and in several 
instances the lesion was cured before stomach tests could be made, as 
such examinations were earned out only when the patient had been free 
from symptoms for some time aftei the hemoiihage In one of the 
remaining patients, the autopsy levealed a chionic gastiitis of the same 
kind as that m Borgbjaerg’s case Finally, eight patients aie left m which 
the only symptom was the hematemesis , m these cases the diagnosis was 
supported solely by the fact that no other cause of the hemoiihage could 
be found If the doubtful cases are deducted, there were 113 cases (87 
per cent) with fever in 130 cases of lesions of the stomach with manifest 
hemorrhage If, however, I take into account only definite ulcers, fifty- 
nine of sixty-five cases, or 91 per cent, weie febrile These coirections 
in no way alter my fiist figures (87 5 per cent), because such corrections 
are not to be made m the gioups “occult bleeding” and “no bleeding,” as 
these groups comprise only objectively demonstrable ulcers This shows 
that whether I merely take the definite ulcers into account, oi I include 
all “stomach lesions with hemorrhage” (apart fiom cancer), I find fever 
present in nine tenths of all the patients 
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II THE BASAL METABOLIC RATE IN RELATION TO SYMPTOMS 
AND SIGNS IN HYPERTHYROIDISM * 

JAMES H SMITH, MD 

RICHMOND, VA 

The purpose of this paper is to compare the relative value in 
diagnosis of certain of the more classic symptoms and signs of hyper- 
thyroidism The criteria used are (a) the bedside data furnished by 
these symptoms and signs themselves as compaied with (b) the basal 
metabolic rate and (c) the pathologic examination of the resected 
thyroid gland when this material is available 

The method consists of aihitranly assigning the values shown to 
the following six symptoms and signs nervousness, 1 , tremor, 2 , 
loss of weight, 3, tachycaidia, 4, exophthalmos, 5 and goiter, 6, making 
a total of 21 By this means a numerical index of symptoms is arrived 
at which can be readily lepresented graphically on a chart showing 
the relation of the numerical index to the basal metabolic rate 
Nervousness is a subjective symptom, vague m its definition, char- 
acteristic of a wide variety of diseases and not quantitively measurable 
Tremor is variable and except when typically fine, is not peculiar 
to hyperthyroidism 

The standard of loss of weight used in the study was 5 per cent 
or more of the recent normal weight of the patient 

By tachycardia is meant a pulse rate not falling below 90 under 
the conditions of the basal metabolic test 

The recognition of exophthalmos often involves the peisonal equa- 
tion of the observer If, however, a tendency is maintained to regard 
It absent unless positively present or plainly supported by other eye 
signs of hyperthyroidism, the sign is of high diagnostic significance 
The recognition of goiter is similarly involved If the thyroid is 
appreciably enlarged, the degree of enlargement is of less significance 
as to the functional state than is the degree of vascular activity of the 
gland 

The cases studied number 147, taken consecutively without selection 
except to exclude those in which the patients had been lecently treated 
with compound solution of iodine, by roentgen ray or by operation, pre- 
sumably so as to modify the symptoms The results are plotted in the 
chart The symptom index is the base line, and the basal metabolic 
rate is the vertical 


* From the Medical Service of St Luke’s Hospital 
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The great majority of those with a symptom index of 10 or less 
(102 cases) had a basal metabolic rate of less than plus 20, (one excep- 
tion), and m only five of these 102 cases was the condition diagnosed 
as hyperthyroidism, though many of the patients had nontoxic goiter 
On the other hand, all but four of the fort} -five patients with an 
index of over 10 had a basal metabolic rate of more than plus 20, and 



Chart showing relationship of the index of sjmptoms to the basal metabolic 
rate The dark circles indicate the results for patients with exophthalmic goiter 
oi toxic adenoma, and the light circles indicate the results for other subjects 

m all but four of these forty-one cases the condition was diagnosed 
as hyperthyroidism The exceptions are briefly noted, and in some 
instances may be considered explained m the table 

The cases running according to rule fall in the southwest and 
northeast fields of the chart With regard to the former there is 
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no subsequent record to indicate that any of the patients has subse- 
quently become a recognized subject of toxic goiter With regard 
to the northeast field, the condition in thirty-seven cases was diagnosed 
exophthalmic goiter or toxic adenoma ]\Iost of these patients were 
subjected to operation and the thyroid tissue submitted foi examination 
(thirty-one cases) The pathologic repoits supported the clinical 
diagnosis in these thirty-one cases, whereas it did not in certain of 
the cases noted m the table 

The study suggests, as would be expected, that the diagnosis of 
hypeithyroidism approaches ceitamty as the index exceeds 10 

In the absence of exophthalmos and goiter (index 10 oi less), 
hyperthyroidism was rarely found to exist even though nervousness 
tremor, loss of weight and tachycardia were present 

When exophthalmos and goiter weie present, other cardinal symp- 
toms also occurred 

The absence of exophthalmos in toxic adenoma limits the total 
possibilities of the index in that condition, but the adenomatous goiter, 
if toxic, IS usually associated with tachycardia and one or more of 
the other common symptoms 

The valuation suggested may occasionally serve as a useful check 
on eiioneous acceptance or interpretation of the basal metabolism 
determination in the diagnosis of exophthalmic goiter and toxic thyioid 
adenoma 



THE EFFECT OF EMOTION ON BASAL 
METABOLISM 


HARRY L SEGAL, MD 
HERBERT F BINSWANGER, MD 

AND 

SOLOMON STROUSE, MD 

CHICAGO 

The results obtained b} two of us (Stiouse and Bmswanger) ^ from 
the therapeutic use of iodine in the treatment of patients for symptoms 
of the complex resembling hyperthyroidism without increased metab- 
olism suggested the study of the relation between the nertous symp- 
toms, metabolism and the use of iodine in hyperthyroidism - To put 
this idea to experimental test intolved a procedure which attempted to 
change the emotional state of a person and then to study the effect of 
such emotion on the metabolism We believed that for our purpose m 
a geneial hospital, a simple procedure applicable to all classes of patients 
would give results of comparative value Of course, we realized the 
improbability of evolving any standard test when dealing with emotion 
or of obtaining any constant emotional reaction to a given psychic 
stimulus To this end we decided to study m operative cases the effect 
of the knowledge of an impending operation on the basal metabolic 
rate, pulse rate, blood pressure and subjective emotional state 

Three classes of patients were studied The first consisted of the 
usual operative cases, the second of a group of patients with hjper- 
thyroidism who had received the present day preoperative iodine therapy, 
and the third, patients with hyperthyroidism who had not received 
iodine or only insignificant amounts After these patients had been 
in the hospital varying lengths of time, their basal metabolic rates 
were determined Another metabolism test was done the morning 
before and the morning of operation, the patient having been informed 
of the time of operation the preceding evening The pulse rate, blood 
pressure, respirations and emotional state were observed at the same 
time In a few cases the technic was slightly altered m that the patient 
\\as informed on the morning of operation just previous to the metabolic 
reading 

^ From the Thyroid Studj Group and the Otto Baer Fund for Clinical 
Research of the Michael Reese Hospital 

1 Strouse, S , and Bmswanger, H F Symptom Complex Resembling 
Hyperthyroidism Without Increased Metabolism, JAMA 88 161 (Jan 15) 
1927 

2 Hyperthyroidism is used throughout this paper as descriptive of a general 
group including all gradations from the typical exophthalmic goiter to the 
so-called adenomatous goiter with hyperthyroidism 
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The basal metabolism test was pei formed at the bedside, the poi table 
Benedict-Rotb apparatus being used Computations were made from 
the Aub-Dubois tables In some cases one, and in some two, six-mmute 
periods were run Conditions of the test were always the same the 
patient was in bed all night, and received nothing by mouth after 
midnight Sedatives were not administered the evening before oi the 
morning of operation The pulse rate was taken duiing the breathing 
period, and the blood pressure and temperature by mouth immediately 
following Respiratoiy quotients were not detei mined 

RCSLLTS 

Group 1 — The first group consisted of twelve patients, eight males 
and four females, varying in age from 14 to 60 years The basal 
metabolic rates were all within normal limits 

Only three of these patients showed any outward emotional mani- 
festations on the morning of opeiation The late of metabolism of 
one of these rose 6 1 per cent (case 5) , of the othei two, one fell 
4 per cent and one 13 4 pei cent (cases 3 and 10) The pulse and 
blood pressure did not show any marked change The lemaining 
nine patients did not manifest dcmonstiable emotional reaction Of 
these only one had an increase of 6 4 per cent, and this may be explained 
by an accompanying rise m temperature to 99 4 F Either the others 
did not show any appreciable fluctuation or the metabolic rate deci eased 
slightly A constant relation did not exist between the pulse late, 
blood piessure and metabolic rate The respiration was not materially 
affected in any case 

Group 2 — The second group compi ised twelve patients with hyper- 
th}roidism who had received the present day preoperative treatment 
with iodine In all of these the administration of compound solution of 
iodine had improved the nervous symptoms and had consideiably lowered 
the basal metabolic rate In most cases compound solution of iodine 
(Lugol’s solution), 10 minims (0 6 cc ) three times a day, was admin- 
istered for from six to twenty-five days Two patients received 1 S 
minims (0 92 cc ) three times a day, and m some an additional 
30 minims (1 9 cc ) was given the night liefore operation The patient 
in case 21 received syrup of hydi iodic acid, 1 diachm (4 cc ) three 
times a day for fourteen days, followed by compound solution of 
iodine, 10 minims three times a day for thirteen days 

Of the twelve patients in this gioup (table 2), only five (cases 
13, 17, 21, 22 and 24) showed outward emotional disturbances 
(nervousness and great anxiety) The metabolic rate m cases 1 3 and 
17 remained practically the same the morning of operation, although 
the pulse in the foimer rose from 12 to 24 beats per minute The 
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metabolic rates in cases 21, 22 and 24 increased approximately 6 per 
cent The pulse rate rose m all of these, whereas the blood pressure 
vai led 

Of the remaining seven patients, three (cases 16, 20 and 23) did 
not show appieciable change the morning of operation In the last 


Table 1 — Data of Patients Rot Having Thyioid Disease 
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Hernia 

Infoniied of operation between 0 and 0^ 
lold operation wa*; to be performed 

Henna 

Infonncd of operation between 0 and 


Duodenal nicer, \onntini, ind emaciation 
'I old bo was to be operated on after 0 
reading- 

Appeared angrj, desired to see Ins wife 

Chronic osteonnelitis eight preaious 
operation^ 

Chronic appendicitis marked tremor 
Cried and was nervous morning, of test 


Gastric ulcer 


Duodenal ulcer 


\ppendi\, lagoplitb ilmos 


Chronic Intestinal obstruction 
Coarse tremor 

Retrocecal appendix 

Did not sleep most of night 

CholeL>stotoin\ and appendectomj 

Up all nigbt, pain in abdomen and 
shoulders 

Appendectomj tremor, adolescent thjroid 
'leniperature, BO 4 


* In this table and in tables 2 and 3 0 indicates the morning of operation. O'- indicates 
that t-ffo tests were made on the dav of operrtion one before the patient was told of the 
operation and one after being told Other numerals state number of dajs before or after 
operation 

■fThe patients -were notified the night before of the operation except when otherwise stated 
Outward manifestation of emotion did not occur unless indicated in this column 


two, the pulse rate and systolic pressure showed moderate rises The 
metabolic rates in cases 15 and 19 fell approximately 8 per cent, without 
any changes in the pulse rate The marked fall of 18 8 per cent in 
case 14 suggests the possihilit}- of some error The changes in metabolic 
rate, pulse rate and blood piessuie did not present any parallelism 
Group 3 — As already stated, group 3 consisted of patients with 
hyperthyroidism who had not been lodinized It is limited to only six 
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patients because of some unto\\ard reactions which occurred To obtain 
the effects of the mode of procedure adopted in the othei two gioups, 
these patients w’^ere likewise informed the night before that opeiation 
was to take place the next moining But after the metabolism test 
was made that morning, actual opeiation did not follow They were 
then put on the piesent day preopeiative couise of iodine Foui of 


Table 2 — Data of Patients zvith Thytoid Disease Tieafed z^itli Compound 
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these patients are also included in gioup 2, thus affording us the 
opportunity of studying them before and after iodine therapy 

The results obtained are discussed individual!} The metabolic rate 
in case 14 rose from +43 1 per cent two da}s befoie operation to 
+ 77 7 per cent the morning of operation The pulse rate and blood 
pressuie remained constant The metabolic rate m case 23 increased 
from + 50 7 per cent to +75 8 per cent within a few minutes The 
pulse rate and systolic blood pressure ascended slight!} This patient 
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was the only one of this group who had received any compound solution 
of iodine before this experiment He had taken five diops three times 
a day for two weeks, and the metabolic tests were done seven days 
after iodine had been discontinued In case 24 the metabolic rate the 
day before operation was -j- 72 6 per cent, and the morning of supposed 
operation it was + 97 2 per cent Here again the pulse rate remained 
practically unchanged The following day the rate of metabolism 
returned almost to its previous level In case 25, the morning before 
supposed operation the metabolic rate was -j- 47 6 and the morning of 
operation, + 66 5 per cent The pulse rate and blood pressure are of 


Table 3 — Data of Paftcnls zvifh Hvpnfhyioidtsm IJ'ho Did Not Receive 
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doubtful value, as fibrillation was present In case 22 occurred the 
least increase, which was 12 2 per cent On the following morning, 
the rate of metabolism had not returned to the level found before 
opeiation The pulse rate was not recorded the morning operation 
was performed The systolic blood pressure rose 44 mm and the 
diastolic, 20 mm This patient and the one m case 24 both showed 
marked excitability on the morning of operation In case 22, the 
maintenance of the same metabolic rate as that found the morning 
following operation is possibly due to the excitement brought on by 
the woman’s reluctance in having this metabolic test performed She 
had been instructed that no more tests were to be done 
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Case 26 is remarkable in the reaction that occurred On the morning 
befoie operation, the rate of metabolism was 53 9 per cent and 
within the range of previous deteiminations On the moining of 
operation it reached the high level of +182 per cent, although the 
pulse rate remained about the same as that of the previous morning 
Immediately following the metabolism test, the patient went into a 
state simulating acute thyroid intoxication The pulse late rose to 
160, and the temperature to 100 2 rectally Morphine sulphate. \ 
gram (11 mg) was administered hypodermically, and the metabolism 
test was repeated about one hour later At this time the metabolic 
rate was + 270 per cent, the pulse rate 150 and the temperature, 100 2 
rectally By afternoon the patient seemed to have made a good lecov- 
ery The following morning, the basal metabolic late was +63 4 
per cent, the pulse rate 110, and the temperature was normal 
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Figure 1 Figure 2 

Graph I represents the average changes in metabolism m the various groups, 
while graph II shows the difference in metabolic rate obtained in the same patients 
by the same procedure after iodine therapy 


The average changes in metabolism m the various groups are repre- 
sented in graph I of the accompanying chart Graph II shows the 
difference in metabolic rate obtained in the same patients by the same 
procedure before and after iodine therapy 


COMMENT 

In the literature various methods have been employed to demon- 
strate the effect of emotional reactions on metabolism Necessanh 
numerous factors come into play which make results difficult to interpret 
Grafe and Mayer ^ performed a series of experiments on Inpnoti/ed 

3 Grafe, F , and Major, L Ueher den Finfluss dcr \ffekte auf den 
Gesamtstoffwechsel, Ztschr f d ges Neurol u Psjchiat 86 247, 1923 
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persons, suggesting various calamities such as death of relatives, ampu- 
tation of arms, etc In nine such tests, there was an increase in 
metabolic rate ranging from 5 to 25 per cent In four experiments 
no change or onlv a slight lowering of the rate occurred From this 
the authors concluded that emotion may cause a definite increase in 
metabolism 

Ziegler and Levine,^ making tests on psychasthenic war \eterans, 
found a marked rise m the metabolism as the result of emotion in 
eleven cases, in three they found a fall, and in one not any change 
They produced emotional disturbance during the breathing periods, by 
having the veterans think of a disagreeable experience in the arm}- 
Crile ° stated that the metabolic late falls in rabbits badly frightened 
by dogs Landis “ reviewed the literature concerning the relationship 
between the metabolic rate and the emotional state of ps\chotic persons 
and found that an altered or emotional state does not necessarily affect 
the metabolic rate In his experiments, anticipation of strong electrical 
stimulation raised the metabolism in three persons tested, 6, 17 and 37 
per cent He stated that emotional disturbance per se does not al\\a}s 
produce the same change in the metabolic rate 

The question arises whether our procedure affected the emotional 
state In all our patients outward indications of emotional reactions 
w'ere not noted, but the significant fact is that the same mode of 
procedure in different groups of persons resulted m similar effects on 
the basal metabolism m tw'o groups, and a total!) different reaction 
in the third group These results occurred whether or not subjective 
manifestations of emotional reactions were present The basal metabolic 
rate of patients not having th}roid disease was not heightened by this 
procedure the caloric output of the majority of patients with thvroid 
disease wLose condition had been stabilized by iodine therapy was 
likewise not affected In some, a slight rise occurred The increase 
resulted in those patients wuth h) perthyroidism wdio had not recened 
the present day iodine therapy 

With a similar procedure m patients wuth thyroid disease who had 
not received iodine, Segall and Means " obtained a rise m the metabolic 
rate the morning of operation, but the a\erage increase in their expen- 
ment was from 1 to 6 per cent In our six cases the increase ranged 

4 Ziegler, A , and Leiine B S The Influence of Emotional Reactions 
in Basal Metabolism, Am J M Sc 169 68, 1925 

5 Crile, G \V The Thvroid Gland, Philadelphia, W B Saunders Com- 
pany, 1922 

6 Landis, C Studies of Emotional Reactions — Metabolic Rate, Am J 
Physiol 74 188, 1925 

7 Segall, H N , and IMeans, J H The Immediate Effect of Subtotal 
Thjroidectomy in Toxic Goiter, Arch Surg 8 176 (Jan) 1924 
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from 12 2 to 24 6 per cent the patient who had a profound reaction 
not being considered It is possible that this difference m results is 
due to the fact that Segall and jSIeans patients receued morphine 
sulphate, yi grain (16 mg ) hypodermically preMous to the metabolism 
test 

What IS the mechanism that produces the increase in metabolic rate 
in these patients with thyroid disease^ Grafe “ believed that the use 
of calonc output following emotion is caused b} a general alteration 
in the organism as a result of stimuli from centers in the brain passing 
out to the periphery, chiefly by means of the S} mpathetic nervous s\ stem 
and also by some increase in the metabolism of the brain itself Aub ® 
thought that the effect is due to epinephrine, the point of action being 
a direct one, m that it influences the metabolism by affecting the 
peripheral muscle tissue Segall and IMeans also considered, it an 
epinephrine response The latter view^s fit m w'lth Cannon s theor\ ^ 
of epinephrine reaction to fright and feai Our results m the patients 
of group 3 likewise suggest an increased production of epinephrine 
as the cause of the metabolic change, for in three of the four cases 
studied before and after the admmistiation of iodine, the calonc output 
had dropped the following da} This could not be consistent wuth 
a thyroxin reaction, because thyroxin produces a leaction lasting days 
or even months The increased heat production due to epinephrine 
IS immediate and transient 

We are unable to state wdiy such a marked reaction should occur m 
patients wuth hyperthyroidism wdio ha\e not receued compound solution 
of iodine as compared wath those who have received sufficient iodine 
Naturally this brings up the old question as to the mechanism that 
causes iodine to reduce, to a certain extent the neiwous s}mptoms and 
metabolic rate m h} perthyroidism We cannot say whether it fits in 
wuth Plummer’s idea or the latest mechanical one of Marine, wdio 
suggests that the enlargement of the \esicles produced by the increased 
colloid in the regression of the h}perplasia compresses the l 3 mphatics 
and capillaries and thus lessens the absorption of th}roxin Perhaps 
those patients with th}roid disease wdio had receued iodine and who 

8 Aub, J C The Relations of Internal Secretion to Metabolism, J A 
M A 79 95 (Jub 8) 1922 

9 Cannon, W B Bodih Changes m Pam, Hunger Fear and Rage, New 
Tork, D Appleton and Compan\ 1915 

10 Plummer, H S Results of Administering Iodine to Patients Ha\ing 
Exophthalmic Goiter, SocieU Proceedings, J A M A 80 1955 (June 301 1923 

11 Marine, D , Deutsch, and Cipra, A Effect of Large Doses of 
Iodine m Heat Production m Rabbits, Proc Soc Exper Biol and Med 24 657 
1927 
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still had a slightly increased metabolic rate the morning of operation 
were markedly hyperplastic and sufficient iodine had not been 
administered 

STjMMARY 

1 The effects of the thought of impending operation on basal 
metabolic rate, blood pressure and pulse rate were studied in three 
groups of cases 

(a) A constant effect on the rate of metabolism was not seen in 
group 1, which consisted of patients of various types of nervous stability 
with a normal rate of metabolism 

(h) In group 2, which was made up of patients with hyperthyroid- 
ism who had received iodine according to present day preoperative 
routine, a marked rise m metabolic rate did not occur the day of 
operation 

(c) Group 3 was comprised of persons with hyperthyroidism who 
had not had iodine, as m group 2 In these patients a marked increase 
in the basal metabolic rate resulted the morning of supposed operation 

2 A practical point for consideration is the possibility of using the 
foregoing procedure as an index of complete or incomplete lodinization 
A rise of the metabolic rate the morning of operation might indicate 
that an insufficient amount of iodine had been given 
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It bas long been iccognized that second infections in syphilis in 
man are not common, indeed, piior to the discovery of spirochetes 
and the mtiodiiction of ai sphenamme, a comparatively small number 
of supposed instances had been lepoited, and there was considerable 
discussion as to then actual occuiience Ricord and Fournier stated 
that they had nevci observed a satisfactoi} example, wheieas in 1895 
Hutchinson icpoilcd fift}-foui “leinfections,” only a few of which 
his son later was willing to accept 

When the diagnosis of s}philis lested on clinical grounds alone, 
the recognition of the occuiience of second infection wuth this disease 
was admitted!} difilcult and frequently open to question Many of 
the instances lepoitccl prioi to 1910 ma} have been and doubtless were 
true examples of second infection, but since the diagnosis lests entirely 
on clinical grounds the evidence is hardly acceptable according to 
present standards With the disco\eiy of the causative agent of the 
disease, it w'as possible to place the identification of a second infection 
on a firmei footing, foi now exact pi oof of the syphilitic nature of 
the suspected lesion can be adduced In 1914, Benario collected from 
the literature nmet}-six reported cases of “reinfections,” in wdiich the 
patients had hist been ticated with the recently introduced ai sphenamme 
or with arsphenaminc and meicuiy He w^as concerned mainly with the 
superior curative propeitics of arsphenamine, as evidenced by the great 
number of “reinfections” repoited wnthin a few years It is now 
generally accepted that second infections do occur, which may and 
usually do beha\c in all lespects like hrst infections 

THE PROBLEM 

As a result of his experiments on apes, Neisser came to the following 
conclusions m legaid to syphilitic infection radical cure of the disease 
can be effected by apjnopriate tieatment, tieated animals can be infected 

* From the Department of Medicine of the Johns Hopkins Medical School, 
Baltimore 
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a second time under certain conditions , a successful second inoculation 
indicates the elimination of the first infection, failure of the second 
inoculation indicates the presence of a resistant state (immunity) , the 
presence of this resistant state depends on the persistence of the first 
infection , without a persistent infection, there is no resistant state, and 
hence the demonstration that any particular treated animal is resistant 
to a second inoculation indicates the failure of treatment to bring about 
cure of the first infection in that animal Until lecently these conclu- 
sions have dominated the conception of acquired immunity in syphilis, 
both in man and animals However, fresh exidence of an experimental 
nature has appeared which questions the validity of the idea that 
immunit}’^ in this disease is necessarily dependent on the presence of 
spirochetes in the tissues 

Brown and Pearce showed that in rabbits earh nonsterihzing treat- 
ment (eighteen da}s after inoculation) rendered the animals susceptible 
to a second inoculation six days later with a homologous strain of the 
syphilitic virus Kolle was the first to show expenmentall)* that the 
time at vhich treatment is begun in the course of syphilitic infection 
exerts an important influence on the reaction to a second inoculation 
with the homologous strain of spirochetes This imestigator found 
that if syphilitic rabbits were treated within forty-five days after 
inoculation, they could almost invariably be infected a second time, 
whereas, if treatment were postponed until ninety days or more after 
the first inoculation, thev vere almost alwaAS resistant to a second 
inoculation with homologous strains of spiiochetes On the basis 
of Xeisser’s generalizations, Kolle concluded that the successful 
second infection of the rabbits treated early indicated that they 
had been cured, but that the rabbits treated late had not been 
cured, since they were refractor} to a second inoculation The 
experimental results of Kolle have been confirmed by Frei, Adachi 
and Chesney and Kemp The last named -workers found in addition 
that, no matter whether treatment was begun before the forty-fifth day 
or postponed until after the ninetieth da} it was apparently effective 
in sterilizing the lymph nodes and internal organs of the rabbits 
Their experiments suggested ''that the specific resistance which develops 
during the course of syphilitic infection may persist after the infection 
has been eliminated, and hence may not necessarily be dependent for 
its continued existence on the presence of spirochetes in the host It 
is obvious that this conception of acquired immunit} m syphilis is at 
odds with the conception formed by Neisser and general!} held since 
his day^ 

1 For a complete discussion of the question ot immunity and resistance in 
syphilis, see “Immunity in Sjphihs” bj A M Chesney 
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If, as Neisser concluded, acquired immunity to syphilis is dependent 
on the persistence of the original infection, and if the present intensive 
method of treatment, regardless of the time at which it is begun, can 
bring about a complete cuie, there should have occurred by now many 
second infections of syphilis m patients who came under treatment for 
the fiist time late in the course of the disease, provided always that 
many persons who have had syphilis are subsequently exposed to infec- 
tion Since 1910, many syphilitic patients have been given intensive 
treatment compaiatively late m the couise of the disease Hence it 
IS now possible to dttcimme the relation of the time of treatment of 
patients with first infections to the incidence of second infections, and, 
as a corollar}, to ascertain the piopoition of second infections occurring 
in patients in whom ticatment was begun late in the course of the 
disease Such is our purpose in this communication 

si:li:ctiox axd crithri \ oi rtportcu instances 
or srcoND imection 

We have reviewed the case leports in the hteiatuie since 1910 of 
examples of “reinfection,” ‘supei infection” and “second infection,” the 
last of which Icims w'c picfei since it implies nothing m regaid to 
the presence or absence of the first infection Unfortunately, a few 
of these repot ts were in unavailable journals and do not appear in 
this collection, nor ha\c w-e hecn able satisfactorily to tabulate many 
examples reported as a part of general studies of the results of 
treatment Altogether w'e haee leviewed the reports of cases of 676 
patients w'lth supposed second infections, to which are added eight 
instances from the syphilis clinic of the Johns Hopkins Hospital, which 
have not hitherto heen icported in detail 

We have sought to dcteiminc whether or not all these instances 
could be legarded as examples of second syphilitic infection in 
accordance w'lth ciitena which we have adopted for the recognition of 
such a condition We have Iw'o such ciitena 

1 'J here must be pi oof that the patient had syphilis prior to the 
occurrence of the susjicctcd second infection, and this pi oof must rest 
on the demonstration of sjinochetes in a lesion oi the occuirence of 
a positive Wassermann reaction in the blood seium, and not on clinical 
judgment alone 

2 After an interval followung antisyjihihtic treatment and at a site 
other than that of the piimaiy lesion of the first infection, there must 
develop a lesion with the charactei istics of a chancre in which spirochetes 
can be demonstiated 

These entena are not as rigid as those foimulated by Stokes, but 
we consider that they are adequate for the establishment of the existence 
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of a second infection They are not based on clinical diagnosis alone 
It would be more convincing if every patient suspected of having a 
second infection could have been allowed to go without treatment for 
a period of time sufficient to permit him to develop signs of secondary 
syphilis Before the discovery of the causative agent of s)philis such 
a procedure was necessary to establish the validity of a second infection, 
but in our opinion that is no longer necessary, nor is it even desirable 
from the point of view of the patient himself or of society in general 
It may not be amiss to point out that if too rigid criteria are adopted, 
statistical study of second infections in human syphilis will ne\er be 
possible unless there is great improvement in the manner of reporting 
such instances 

In a few instances, we have been unable to adhere strictly to the 
criteria of a second infection, so far as the location of the second 
chancre was concerned, although such examples have been included 
in this study, because some of tbe reports fail to state the precise 
location of the suspected primary lesion of the second infection m 
relation to the site of the original chancre This is, of course, regret- 
table but could not be helped It will be obviated if in the future 
those reporting instances of suspected second infection will be more 
explicit on this point 

When the 676 case reports were studied in the light of the criteria 
already outlined, it became necessary to reject 447, either because the 
data were insufficient for the purposes of this study or because the 
supposed instances did not fulfil the proposed criteria The remaining 
229, which were deemed acceptable, together with the eight from this 
clinic, were studied with reference to the time at which treatment vas 
begun during the course of the first infection, and also with reference 
to the interval between the beginning of the treatment and the onset 
of manifestations of the second infection The data obtained from 
this study are presented in table 1 in summarized form 

In group A of this table are presented all those patients in whom 
the interval between the beginning of the first treatment and the second 
infection (or the appearance of the lesion of the second infection) 
was more than a year, and in group B, those patients m whom this 
interval was less than a year This distinction has been made because 
it IS thought that in treated syphilitic patients, relapses which take the 
form of primary or secondary lesions, and hence might be mistaken 
for second infections, are most apt to occur within the first j^ear of 
observation If this is true, those patients designated as group A 
are more likely to be true instances of second infection than those 
m group B 

Consideration of this table shows that of the 237 reported instances 
regarded as acceptable, 232 or 97 8 per cent of the patients received 
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active treatment early in the course of the first infection, that is to say, 
during the primaiy stage of the condition or before the secondaiy lesions 
had disappeared Of these, 165 weie tieated in the piimary and 67 in 
the secondary stage There ^\ere only 4 patients in whom treatment 
\\as begun in the latent stage, and m whom there was subsequently 
good ground for believing that a second infection had occurred There 
vas one patient with undoubted evidence of congenital syphilis who 
acquired a second infection Not a single instance could be found of 


Tai!IF 1 — with Second Infection Shozving Stage of 
I list Infection at Time of Ticatnicnf 



Group A 

Group B 

Total A and B 

Per Cent 

Pnninn dtirition niul ccroloR\ unknown 

7 

13 

20 

84 

Pninar\ scroncR iti\ c, durntion unknown 

21 

10 

37 

15 0 

Pnninn fcropoKitii p (iurntion unknown 

>.> 

17 

40 

10 8 

Pnmari duration known sprolof-i unknown 

9 

2 

11 

40 

Prinian duration known «erolot,\ nosititc 

20 

13 

33 

13 9 

Pninart durition known scrolo},j po'itne 

10 

8 

24 

101 

Uotal Pnninr\ 

O", 

09 

103 

09 4 

Spcondan durition known 

9 

4 

13 

34 

Sccondarj durition unknown 

St 

2J 

54 

22 7 

Tot il Sccondarj 

lo 

21 


281 

'lotil Priinar\ ind ‘•tponii ir\ 

1 9 

01 

232 

97 5 

Latent 

4 

0 

4 

1 0 

Conkcnit.il 

1 

0 

1 

04 


141 

93 

237 

lOOO 


Iaiiil 2 — Patnntz 'With Second Infection Sho'wing Duiation 
of Tit It Infection Before Ticatnicnt 

13 cck*- 1 2 2 3 3-4 

4 3 

3-0 

0-7 

7 S 8-9 9-10 10 11 11 12 12 13 13 14 14 15 15 10 

Primarj corolopt unknown 1 2 

4 

1 

2 

1 

Prim iri 'cronikiitiM . 2 10 

10 

y 

4 

1 1 

Prinian 'cropotititt > i 2 

3 

i 

5 

0 2 2 1 

Sccondarj 1 

1 


1 

11 13 11 

Tot il (j 1 15 

(I ikiitj tlircc patient'-) 

IS 

4 

12 

9 1 3 2 3 1 1 


a second infection in a patient whose tieatment was started when 
tertiary lesions were present 

More precise information as to the duration of the first infection 
before treatment was begun, reckoned from the date of exposure, was 
available m eighty-three instances This information is summarized 
in table 2 

This table shows cleaily that in man the number of instances of 
second infection of s}phihs diminishes as the interval between the 
onset of the infection and the initiation of treatment increases The 
same phenomenon also occurs in experimental syphilis in rabbits, pro- 
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^aded. that a homologous strain of spirochetes is used for the second 
inoculation The parallelism of the conditions obtaining m man and 
in the rabbit is pointed out more clearly in table 3 

In each species there is observed a progressive diminution in the 
incidence of second infections when the time elapsing between the 
onset of the disease and the institution of treatment increases 

TRE \TMEKT 

All the patients included in this series were treated during the 
first infection wuth arsphenamine, either alone or in combination with 
other drugs, except that one patient received mercurv onlv- another 
a proprietarv arsenical product only, and a third bismuth only 

T^vble 3 — Second Inf cottons tn Rabbits and Man 


Duration of First Infection Before Treatment 


To Forty Six Da^ s Fortv-fiii. to Ninetv-One Davs Isinetv-Onc — Davs 

A * * JL 

Total Per Total Per Total Per 

Xumber Positive Cent ^lunbe^ Positive Cent ^un3ber Positive Gent 

Second in « 

oculations 

m rabbits* S3 73 S5S 95 Oi 35 7 US 7 4 7 

Second infec- to Forty three Days Fortj three to Xinetv Two Davs Ninety two — Davs 
tions in man Forty-sis Patients Thirtv three Patients Two Patients 


*In obtaimng data for rabbits material has been tal.en from papers by the following 
investigators Kolle, Chesnev and Kemp, Chesnev, Hallev and Kemp, and Adachi 

THE RARITY OF SECOND INFECTIONS IN VV'OMEN 

It IS striking that of the 237 instances of second infection included 
in this paper onl} 8 or 3 3 per cent, occurred in w omen Sev^eral pos- 
sible explanations for this comparativ ely low incidence among w omen in 
our series suggest themselves It can scarcely be due to the relativ e inci- 
dence of s}philis in the two sexes, for, while the disease is probabl} more 
common in men, it is not tvventv’'-eight times as frequent as in women A 
partial explanation may be found m the well known tendency of s}philis 
to run a silent course in women, often being detected onh by the occur- 
rence of a positive blood Wassermann reaction Such patients, 
numerous in any large S}phihs clinic, are apt to come under treatment 
comparatively late in the course of the infection and as our study 
has already shown, the incidence of second infections under these cir- 
cumstances is extreme!} low Possiblv , also the infrequencv with which 
careful vaginal examinations are made in women in whom a positive 
Wassermann leaction is detected may play an important role in that 
instances of second infection with chancres on the internal srenitalia 
are overlooked 
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RECURRENT LESIONS AND THIRD INFECTIONS 

Theie weie recurient lesions, usually of secondary type, during 
the first infection in seventeen patients, all of whom were further 
treated In compiling our tables we classed these according to the 
stage of the recurient lesions These patients show that even with 
recurrent lesions, immunity may not develop to an extent sufficient 
to prevent a subsequent second infection 

There are in this senes eight patients m whom third infections with 
syphilis occurred, m accordance with the criteria of this study They 
afford evidence that thud infections actually do occur, and further 
support the conclusion that if the patient is treated early, little if any 
immunity against subsequent infection develops 

SECOND INFECTIONS IN PATIENTS WITH VARIOUS TYPES OF 

S\PHILIS 

Second Infections in Patients zaith Congenital Syphilis — Only the 
report h} Tashiro of the case of a 25 year old man has been accepted 
as an instance of second infection occurring m a patient with stigmas 
of congenital syphilis Other supposed examples have been reported 
by Arning, Douc} and Joltram, Gaston, Gaucher, Gougerot and Gug- 
genheim (two patients), Goizet. Hudelo and Johvet, Roederer and 
Camus, Stern, and Suggett (t\\o patients) Armng’s case was consid- 
ered doubtful, because it was felt that the diagnosis of congenital 
syphilis was made on inadequate evidence, the patient, who had 
hutchinsonian teeth de\ eloped on the lowei hp a chancre which con- 
tained spirochetes It seems questionable that the occurrence of 
hutchinsonian teeth alone (with no icpoit as to the Wassermann reac- 
tion) can be accepted as ccitain evidence of a preexisting congenital 
syphilis The other cases w'ere deemed unacceptable, because the diag- 
nosis w'as unceitain as legaids either the congenital or the acquired 
infection 

Second Infections in Patients zaith Evidence of Syphilis of the Cen- 
tial Neivous System — ^Idie follownng authors have reported patients 
w'ho are supposed to ha^e acquired a second infection with, either 
previously or concomitantly, suggestue evidence of syphilis of the 
central nervous system, Brandt, Brandwemer, Fiocco, Friedlander (two 
patients), Gennerich and Zimmern, Lambiior (thiee patients), Pohlman, 
Stumpke, and Zielei Not one of these cases has been deemed acceptable 
for this study, because the diagnosis of one or the other of the two 
conditions is open to question, although in one of Fnedlander’s patients 
a diagnosis of tabes (without a report of the spinal fluid) had been 
made seveial years before the patient developed a penile lesion which 
contained spirochetes 
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Second Infections in Patients with Cai diovasciilai Syphilis — Possible 
or certain recently acquired syphilitic infection in patients having more 
or less definite evidence of aortitis or aneurysm, resulting from a 
supposed previous S 3 'philitic infection, has been reported by Conrad, 
Fischer, Oro, and Zak, but after critical study not one of these cases 
has been considered acceptable for this paper 

COMMENT 

This review of the instances reported in the literature since 1910 
as examples of second infection with sj’^philis discloses that many of 
these must be regarded as doubtful, in the absence of more precise 
data Of the 676 case reports studied, only 229 proved wholly accept- 
able according to the standards outlined If these represent true 
instances of second infection in syphilis, then certain facts can be 
deduced from this study 

First, a remarkable parallelism is apparent, so far as the relation 
of the time of treatment of the first infection is concerned, between 
the results of reinoculation experiments in treated syphilitic rabbits and 
the occurrence of second infections in human beings treated for syphilis 
In each species there is observed a lessened tendency toward the occur- 
rence of second infections when a longef interval ensues between the 
occurrence of the infection and the beginning of treatment 

Second, in the overwhelming majority of instances regarded as 
second infections (97 8 per cent) the patients came under treatment 
for their first infection during the early stage of the disease, that is 
to sa), before the period of secondar}’^ manifestations had elapsed A 
slightly greater number of patients were first treated during the sero- 
negative primary stage than during the seropositive primarj”^ stage 
(70 as compared with 64) A much greater number were first treated 
during the primary stage than during the secondary stage (165 as 
compared with 67) These differences suggest an increasing resistance 
on the part of the patient, in the absence of any precise data as to 
the relative frequency of primary and secondary syphilis in patients 
presenting themselves for treatment at a syphilis clinic It is almost 
impossible to obtain any accurate figures as to the percentage of patients 
first seen in the seronegatn e or seropositive primary and early secondary 
stages, since these vary greatly according to the type of clinic (e g, 
Gennerich and Zimmern working with patients in the German nav}% 
see the lesions early) , the character of the patients, and other factors , 
but on the average, the number of patients in the primary stage who 
seek admission to a clinic will probably be considerably less than that 
in the secondar}’- stage, while of those with primary lesions the greater 
number will probably be seen for the first time when the Wassermann 
reaction has become positive Yet there were over 214 times as many 
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patients with second infections in whom treatment was begun during 
the primary stage as theie \vere those m whom treatment was begun 
after secondary lesions liad appealed The almost complete absence 
of second infections m patients who had latent syphilis at the time 
treatment w'as begun is striking, as well as the complete absence from 
this senes of patients wnth teitiar}'- lesions Is this difference m the 
percentage of second infections in patients with syphilis who are treated 
early and those who are tieated late to be explained on the basis of 
a greater numbei of cases of syphilis in which the patients come under 
treatment m the eaily stage of the disease than later ^ 

A survey, shorth to be published, of all patients admitted to this 
clinic duiing seven yeais from 1920 to 1926 inclusive, reveals that of 
8,064 new' patients, 1,898 weie hist treated during the primary and 
secondary stages, that is, early , 3,895 w'ere treated during the late 
stages, m the remaining number, the condition was undiagnosed or 
diagnosed nonsyphilitic, or the stage of the disease w'as not determined 
because of insufficient observation The ratio of patients with early 
and late syphilis (1 898 as compared wuih 3,895) is thus almost exactly 
1 2 Yet, as revealed by this papei, second infections occur m patients 
treated eaily as compared to those treated late m the ratio of 232 5 
or 46 1 In other words, appioximately tw'ice as many patients are 
treated for the hist time late in the course of the disease as are those 
treated early, }et second infections occur fort) -six times more often 
in the latter than in the former group 

Is the difference to be explained on the assumption that postpone- 
ment of tieatment until late in the course of the disease fails to 
bring about radical cure and hence leaves the person still infected 
and perhaps immune to a second infection’ It is almost universally 
admitted that it is much moie difficult to cure patients who have 
syphilis when treatment is begun late than wdien it is begun early, 
especially if extensive disease of the internal organs has developed, 
but it IS at least conceivable that patients wuth a long-standing infection 
without such extensive visceral involvement may be cured even if 
treatment is begun late At jiiesent w'e do not know of any adequate 
clinical studies on this point 

Another possibiht) that might explain the difference in the per- 
centage of second infections in patients tieated early, as opposed to 
those tieated late, is that jiatients who have reached the late stage 
of syphilis befoie being tieated aie not so apt to be exposed to second 
infections as are those who have come under treatment early in the 
course of the disease The former aie apt to be older, and their 
social relationships diffeient (mairiage, better economic circumstances) 
from those of the latter and of a sort making for less exposure to 
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syphilitic infection While this explanation can be neither dismissed 
nor proved, it has much less weight when considered in connection 
with those races in which syphilis is most prevalent, for in them 
exposure to syphilis begins relatively early m adolescence and often 
continues in spite of matrimony 

It IS clear that the great infrequency of second infections of syphilis 
m patients coming under treatment late in the course of their first 
infection can also be explained on the basis of an acquired immunity 
which persists in the absence of the first infection, that is, after treatment 
has effected a cure There is some experimental basis for this view 
Whether or not it is the correct explanation is impossible to say, but 
this much can be said, that if there were no such thing as acquired 
immunity to syphilitic infection persisting in the absence of the infection, 
and if modern treatment were effective in eradicating the disease, 
then, assuming that repeated exposure to infection occurs, one should 
be able to assemble a significant series of instances of second infection 
with S 3 ^phihs m which treatment for the first infection was not under- 
taken until late in the course of the disease It has not proved possible 
to assemble such a series So far as this study goes, then, it is not 
in disharmony with the conception of an acquired immunity to syphilis 
persisting in the absence of infection On the other hand, it cannot 
be said to prove the correctness of that conception The results of 
this study might also be taken to indicate that treatment fails to 
cure patients in the late stages of syphilis, or that persons who have 
once had syphilis and have been treated for it are not thereafter exposed 
to syphilitic infection to anything like the extent they formerly were 
As to which explanation is correct, the future may decide 

SUMMARY AND CONCLUSIONS 

1 A statistical study has been made of the cases reported m the 
literature since 1910 as examples of “reinfection,” “supermfection” or 
second infection m syphilis 

2 Of the 676 cases reported, 447 have been considered to be unac- 
ceptable in accordance with the criteria outlined in the test These 
unacceptable cases are listed with the references in the second part of 
the bibliography 

3 Two hundred and twenty-nine cases reported m the literature 
have been deemed acceptable, and to these have been added eight 
observed in the Syphilis Clinic of the Johns Hopkins Hospital, making 
a total of 237 patients 

4 Two hundred and thirty-two, or 97 8 per cent, of these patients 
were treated for the first infection during the primary or secondary 
stage 
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5 Second infections occnired in four patients, oi 16 per cent, 
who had had syphilis in a latent oi late form (as evidenced by a 
positive Wassermann reaction without other signs indicating a primary 
or secondary stage) at the time they weie first treated for the disease 

6 A second infection occurred in one patient, or 0 4 per cent, 
who presented undoubted evidence of congenital syphilis 

7 For the reasons previously discussed, second infections are 
expected to be, and aie actually found to be, extremely rare in women 

8 There was not a single undoubted instance of a second infection 
in a patient who had, previously or concomitantly, had syphilis either 
of the central neivous system or of the heart and aorta 

9 The duration of the infection before the first treatment is known 
m 83 of the 232 patients who were first treated in the primary or 
secondar}’’ stage It would indicate that virtually all were first treated 
before the end of sixteen weeks, and about 82 per cent before the 
end of eight weeks 

10 A close paiallehsm was observed, m man and m rabbits, between 
the relation of the time of treatment of the first infection and the 
incidence of second infections 

11 The relative fiequency of a second attack of syphilis in patients 
who had been treated early for the first infection, as compared with 
the inf requeue} of second attacks in patients whose first infection had 
progressed to a latent or late stage before treatment indicates that the 
time of treatment for the first infection has an important bearing on 
the patient’s acquired resistance to a second infection It is pointed 
out that the lelative infrequency of second infections in patients whose 
treatment had been begun late in the course of the disease is not in 
disharmoii} with the conception that acquired immunity to syphilis 
may persist in the absence of syphilitic infection 

REPORT or CASES OE SECOND INFECTION W^TH SYPHILIS 
AND ONE or THIRD INFECTION 

Casi 1 — Fu<;t lufrdwii — \ negro, born in 1892, had had lesions for several 
da>s -when, on Dec 19, 1921, an indurated ulcer appeared on the glans and 
several similar ulcers 6n the prepuce Spirochetes were not demonstrated, and 
the Wassermann reaction was negative During the next eight days, the patient 
received 49 cc of tartar emetic, and the lesions healed rapidly 

On Jan 13, 1922, after a genital lesion had been present for three days 
and a rash for two days, the patient had a sparse maculopapular syphilid, erosive 
lesions on the lips, papulo-erosive lesions on the uvula and serpiginous paulo- 
erosive lesions on the prepuce From Jan 13 to Dec 22, 1922, the patient received 
irregular treatment, totaling fourteen injections of flumenn (which was being 
investigated clinically at this time) and five injections of arsphenamine , twenty 
Wassermann reactions were negative On Dec 7, 1922, the spinal fluid showed 
7 cells , the globulin test was doubtful, and the mastic reaction was 4321000000 
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On May 23, 1923, the patient returned after lesions had been present for 
three days He had numerous papulo-erosive lesions on the glans, corona and 
shaft and a bilateral inguinal adenitis Spirochetes were demonstrated From 
May 23, 1923, to Jan 29, 1924, the treatment was irregular, totaling eighteen 
injections of arsphenamine and mercurial inunctions and potassium iodide for six 
weeks Fifteen Wassermann reactions were negatne, as was tlie Wassermann 
test of the spinal fluid, on Nov 11, 1924 On Dec 5, 1924, physical examination 
revealed small, irregular, sluggish pupils, palpable epitrochlear glands and a 
sluggish right achilles’ reflex 

Second Infection — On Dec 18, 1925, at another clinic, two penile “warts ’ w'ere 
fulgurated, one disappeared, the other persisted On December 28, the Wasser- 
mann reaction was positive On Jan 15, 1926, after the lesions had been present 
for four months, the patient had an elevated indurated lesion “as hard as carti- 
lage” on the inner prepuce Spirochetes were demonstrated Treatment w'as 
given elsewhere 

Case 2 — First Infection — A white man, born in 1900, on Feb 20, 1924, about 
twenty-eight days after exposure, noticed a painless genital lesion A friend 
exposed to the same contact also acquired a genital lesion On April 7, the 
Wassermann reaction was doubtful On April 9, there W'as visible on the shaft 
of the penus a crusted ulcer with an indurated reddish base, and on the right side 
of the glans a superficial nonindurated lesion, there w'as also a bilateral inguinal 
adenitis Spirochetes were not demonstrated, but serum from the lesion on the 
shaft gave a positive Wassermann reaction From April 11 to August 6, the 
patient received twenty-six injections of arsphenamine and four courses of mer- 
curial inunctions and potassium iodide, each course extending from four to six- 
teen weeks To October 5, twenty-four Wassermann reactions were negative, 
as was the spinal fluid on June 13 Later the patient was m a sanatorium for 
SIX months because of a condition diagnosed as pulmonary tuberculosis 

Second Infection — On December 17, after the lesions had been present for ten 
days, there appeared a small eroded indurated lesion in the coronal sulcus, with- 
out inguinal adenitis Spirochetes were demonstrated, the Wassermann reaction 
was negative The patient received treatment elsewhere 

Case 3 — First Infection — A white man, born in 1897, on Oct 23, 1919, 
after lesions had been present for five days, presented three clean ulcers on the 
penis, a bilateral inguinal adenitis and a palpable left epitrochlear gland Spiro- 
chetes were demonstrated From October 24 to November 14, he receued four 
injections of arsphenamine, and then left the clinic Four Wassermann reactions 
were negative 

Second Infection — On Jan 21, 1921, after a lesion had been present for about 
two weeks, the patient had a round, indurated, ulcerated, “typical” lesion on 
the left side of the corona and a left inguinal adenitis Spirochetes were demon- 
strated On January 24, the Wassermann reaction was positive From January 
25 to March 1, the patient received six injections of arsphenamine, the first two 
Wassermann reactions were positive, the next three doubtful and the last nega- 
tive On March 10, the spinal fluid was normal The patient did not return 
for further treatment 

Case 4 — First Infection — A white man, born in 1894, about Oct 22, 1924, 
noticed several penile lesions, and several more appeared three days later On 
November 2, he was supposed to have received an injection of arsphenamine from 
an outside physician When he was in this clinic, on November 5, there were 
several shallow ulcers on the corona, one with a rolled edge and a parchment- 



HALLEY-]]' ASSEmi AN— SYPHILIS SECOND INFECTION 855 


like base, and a bilateral inguinal adenitis Spirochetes were demonstrated From 
November 5 to December 11, the patient received irregular treatment, totaling 
eighteen injections of arsplienamme and twelve injections of bismuth The first 
Wassermann reaction nas suggestively positive, but sixteen subsequent tests were 
negative, as nas the spinal fluid on September 26 The patient did not return to 
the clinic after December, 1925 

Second Infection — On Sept 1, 1926, after the lesion had been present 
for se\en da^s, there \\as an indurated ulcer on the inner prepuce and a bilateral 
inguinal adenitis Spirochetes were demonstrated From September 1 to October 
21, the patient received fi\e injections of arsplienamme Four Wassermann 
reactions nere negative He was then treated elsewhere 

Case 5 — Fust Infection — A white man, born m 1892, was first seen on 
Dec 4, 1914 Six weeks before (about six w'eeks after exposure) there had been 
a penile lesion, three weeks before, an eruption developed on the back, face and 
knees , three dai s before, sores appeared in the mouth Examination revealed 
a pharyngitis, a mucous patch on the left anterior pillar, a maculopapular erup- 
tion on the back, buttocks and extensor surfaces of the arms, an enlarged left 
cpitrochlear gland, the remains of buboes and a scar on the inner prepuce The 
patient recen ed arspheiianiine, 0 5 Gm , on December 4, 0 3 Gm each on Decem- 
ber 12 and 22, and 0 3 Gm on Jan 2, 1915, he did not return for further treat- 
ment The Wassermann reaction w'as positive on December 4 and 13, negative 
on December 22, and doubtful on Jan 2, 1915 

Second Infection — The patient w'as next seen on Aug 13, 1923 He had 
married m 1919, and his wufe had had one healthy child and no miscarriages 
For fiye days there had been a lesion, which had appeared about three weeks 
after exposure Examination revealed on the mucous surface of the prepuce a 
clean, o\al, indurated ulcer, covered with a y'ellowush-gray membrane, the base 
showed tiny red dots which represented thrombosed capillaries, there was also 
a general adenitis Spirochetes were demonstrated, and the Wassermann reac- 
tion W'as positue The patient recen ed arsplienamme on the day of examination 
but did not return for further treatment 

Third Infection — The patient w'as next seen on June 10, 1927 Since his last 
treatment, he had not received further therapv, and recently he had had many 
exposures Fnc days before, a small lesion had appeared on the shaft On 
the left side of the shaft in the mid portion, examination showed a round, 
indurated lesion, with a thin crust, exuding clear serum, m which spirochetes 
were demonstrated There w'as a bilateral inguinal adenitis, the left epitrochlear 
was about the sire of a small pea Physical examination otherwise was nega- 
tive On the same day, the blood Wassermann reaction was negative, as was 
the spinal fluid (globulin test, 0, Wassermann reaction negative, mastic test, 
OOOOOOOOOO) 

Case 6 — Fust Infection — A. white man, born m 1899, w'as exposed about i\Iay 
12, 1922 On July 7, after lesions and enlarged glands had been present for 
SIX days, there appeared a round, painless, indurated ulcer on the inner 
prepuce, and a general adenitis w'as also present Spirochetes W'ere demon- 
strated From July 7 to August 25, the patient received eight injections of 
arsphenaminc , the second Wassermann reaction was suggestive positive, the other 
seven negative The patient then did not come for further treatment until 
October 23, w'hen the spinal fluid W'as negative On November 4, the patient began 
a course of mercurial inunctions and potassium iodide 
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Second Infection — On Nov 14, 1922, after a lesion had been present tor 
about ten days, two recent and one indurated lesion were visibile in the sulcus 
Spirochetes were demonstrated On November 15, the Wassermann reaction 
was negative, on November 18, doubtful From November 22 to December 27, 
the patient received six injections of arsphenamine Four Wassermann reactions 
were positive and two negative He then left the clinic 

Case 7 — Fust Infection — After a w’hite man, born m 1894, had had gonorrhea 
and had received some intramuscular injections, he wms seen elsewhere on April 30, 
1919, w'lth a general adenitis and a negative Wassermann reaction On July 21, 
examination showed several penile lesions, w'hich had been present for six weeks 
Spirochetes w’ere demonstrated, and the Wassermann reaction was positive On 
Jub 28, there w^ere scattered papules on the trunk, moist lesions on the glans and 
prepuce, a papulo-erosive lesion on the lip, general adenitis and alopecia From 
Julj" 28 to September 8, he received six injections of the meta-hj'droxyanihd of 
arsenophenljgb'cm (w'hich was being investigated clinically at this time) , five 
Wassermann reactions w'ere positue and one doubtful After receiving mercurial 
inunctions and potassium iodide for several weeks, tbe patient left the clinic Three 
%ears later, on Julj' 22 and Sept 26, 1922, the Wassermann reaction w'as negative 

Second Infection — On Jan 16, 1923, there was a small penile lesion m which 
spirochetes could not be demonstrated, the Wassermann reaction was negatne 
On January 20, the lesion was indurated, but again spirochetes could not be 
demonstrated On Januar^ 22, an indurated, painless, “typical” lesion on the pre- 
puce, and bilateral inguinal adenitis w'ere present Spirochetes were demonstrated 
and the Wassermann reaction was negatne On Januarj 24 and 31 and on 
February 7, the patient received injections of tryparsamide , then, because the 
lesion was increasing m size, the Wassermann reaction had become positive and 
spirochetes persisted arsphenamine w'as administered, totaling eight injections to 
April 3 Of the eight Wassermann reactions during these injections, the first 
two were positive, the next tw'o doubtful and the last four negative After 
A.pril 3, the treatment consisted of mercurial inunctions and potassium iodide for 
se\eral weeks On April 27, the spinal fluid was negative The patient dis- 
appeared from the clinic w'lthout further treatment 

Case 8 — Fust Infection — A. negro, born in 1891, had had headaches for three 
weeks, an eruption for one week, sore throat for three days and some loss of 
hair On Aug 31, 1921, an examination revealed an extensive eruption (macular, 
papular, pustular and follicular) in all stages, frambesiform lesions on the scalp, 
moist papules on the scrotum, urethritis, phimosis, an indurated nodule under 
the prepuce, an ulcerated S 3 philid on each tonsil and a general adenitis From 
September 3 to October 26, he received eight injections of arsphenamine and then 
left the clinic Of the Wassermann reactions, the first twm were positne, the 
next doubtful and the remaining five negative The patient returned to the 
clinic and received four injections of arsphenamine from Feb 8 to March 28, 
1922, the first Wassermann reaction was doubtful, the next positive, and the last 
two negatne He again discontinued treatment 

Second Infection — On July 3, 1923, the Wassermann reaction was negative 
On Julj 7, after a lesion had been present for about a w^eek, the patient had 
a large, irregular ulcer involving the edge of, and extending under, the prepuce 
and on the glans Spirochetes were demonstrated On Jub" 26, after an erup- 
tion had been present for three da\s, there w'as visible a large, flat, indurated 
pustular rash Spirochetes W'ere demonstrated m one of these lesions, on the 
same day, the spinal fluid w'as negative From Julj 26, 1923, to Aug 6, 1924, 



HALLEY-WASSERMAN— SYPHILIS SECOND INFECTION 857 


the patient received nineteen injections of arsphenamine and had two courses of 
mercurial inunctions and potassium iodide, each course extending over six to 
eight weeks Of the sixteen Wassermann reactions during this time, the first 
five were positive and the remaining eleven negative The patient discontinued the 
clinic treatment 
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Ann d mal ven 17 823, 1922 (one case) 

Behn, Milian and Amaudraut Bull et mem Soc med d hop de Pans 33 
224, 1912, cited by Benario (one case) 

Bethune Buftalo M J 72 113, 1916 (one case) 

Bechet J Cutan Dis 37 475, 1919 (one case) 

Blackshear J M A Georgia 5 129, 1915-1916 (one case) 

Boas Dermat Ztschr 22 79, 1915 (one case) 

Ugesk f Laeger 77 1579, 1916, abstr, Dermat Wchnschr 64 310 1917 
(one case) 

Dermat Ztschr 28 40, 1919 (one case) 

Bogdanov Acta derm -venerol 4 115, 1923 (two cases) 

Bonnet Lyon med 12 600, 1909 (one case) 

Brandt Wien med Wchnschr 70 278, 1920 (one case) 

Brandweiner Wien khn Wchnschr 30 1483, 1917 (one case) 

Breide Acta derm -venereol , 1920, abstr, Dermat Wchnschr 73 1093 1921 
(one case) 

Ibid 1 456, 1921 , abstr , Zentralbl f Haut-u Geschlechtskrankh 4 58 1922 
(one case) 


Same case 
report 
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Brew M Rec 72 138, 1907 (one case) 

Broc and Fernet Bull Soc frang de dermat et syph 22 343, 1911 , cited 
by Benario, but not cited by authors as “reinfections” (two cases) 
Bruck Alunchen med Wchnschr 69 1624, 1922 (three cases) 
Brun-Pederson Hospitalstid 64 73, 1921 , abstr Zentralbl f Haut-u Gesch- 
lechtskrankb 3 238, 1922 (one case) 

Burgsdorf Russk Vrach 7 146, 1908, trans Klin-therap Wchnschr 15 
594, 1908 (one case) 

Carle Ann d mal ven 16 345, 1921 (one case) 

Ann d mal ven 17 487, 1922 (one case) 

Ann d mal ven 17 629, 1922 (one case) 

Cassar Ann de dermat et syph 6 376, 1916-1917 (one case) 

Chargm Syphilitic Reinfection, Arch Dermat & Syph 7 256 (Jan ) 1923 
(one case) 

Conrad A Case of Possible Supermfection, Arch Dermat & Syph 7 866 
(June) 1923 (one case) 

Corbus New York J 100 472, 1914 (one case) 

Cornaz Rev med de la Suisse Rom 42 453, 1922 
Covisa and Nonell Acta dormo -sifil Oct -Nov , 1911, 
vol 4, abstr Dermat Wchnschr 55 862, 1912 
Covisa and Nonell Rev chn de Madrid 8 65, 1912, 
abstr Dermat Wchnschr 55 1563, 1912 
Cunningham Boston M & S J 166 929, 1912, cited 
b\ Benario 

M & Surg Rep City Hosp 16 112, 1913 

Da Siha Bull Soc frang de dermat et syph 23 178, 1912, cited by Benario 
(one case) 

De la Portilla Acta dermo-sifil, Dec, 1919, Jan, 1920, no 2, abstr, Dermat 
Wchnschr 72 384, 1921 (one case) 

Acta dermo-sifil, April-j\Ia\, 1921, p 147, abstr, Ann d mal ^en 27 527 
(two cases) 

Acta dermo -sifil 13 77, 1921 , abstr , Zentralbl f Haut-u Geschlechts- 
kraiikh 3 380, 1922 (one case) 

Acta dermo-sifil 14 232, 1922 , abstr , Zentralbl f Haut-u Geschlechts- 
krankh 6 107, 1923 (one case) 

De Lyon Ann d mal ven 1921 , cited bj Louis Rene (one case) 

Dardenne Lancet 2 1071, 1909 (one case) 

Deioide Bull et mem Soc med d hop de Pans 41 603, 1917 (one case) 
Dohi, Watanabe and Nokogima Japan Ztschr f Dermat, June, Juh, 1912, 
abstr Dermat Ztschr 21 459, 1913 , cited by Benario (one case) 

Doucy and Joltrain J de med int 15 220, 1911 (one case) 

Driver Reinfection m Syphilis, JAMA 83 1728 (Nov 29) 1924 
Dupuylatat de Laviergne These de Pans, 1913 , cited bv 

Benario • Same case report 

Gaz d prat 21 83, 1914 j (one case) 

Fabry Med Klin 9 2112, 1913, cited by Benario (one case) 

Med Klin 7 1201, 1911 (one case) 

Fabry and Jerzycki Med Kim 8 189, 1912, cited by Benario (two cases) 
Finger Arch f Dermat u Syph 129 344, 1921 (one case) 

Fiocco Gior ital di dermat e sifil 66 1287, 1925, abstr, Zentralbl f Haut-u 
Geschlechtskrankh 18 803, 1926 (one case) 


[ Same case reports 
[" (one case) 


Same case reports 
(two cases) 
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Fischel Zentralbl f Haut-u Geschlechskrankh 1 105, 1921 (one case) 
Zentralbl f Haut-u Gesclilechtskrankh 16 883, 1925 (one case) 

Fitzgibbon Dublin J M Sc 130 337, 1910 (one case) 

Flaudin, m discussion on Lacapere (one case) 

Fonss Hospitalstid 64 22, 1921 , abstr Zentralbl f Haut-u Geschlechts- 
krankh 3 237, 1922 (one case ) 

Forns Acta dermo -sifil , Oct -Nov 1914, no 1, p 51 , Ann d mal ven 12 
231, 1917 (one case) 

Fournier Rev prat des mal des organes genito-urinaires, 9 313, 1912, 
abstr , Dermat Wchnschr 55 1335, 1912 (one case) 

Freund Munchen med Wchnschr 63 64, 1916 (three cases) 

Friedlander Berl khn Wchnschr 58 321, 1921 (two cases) 

Fruhwald Arch f Dermat u Syph 123 318, 1916, Wien klin Wchnschr 
30 1161, 1917 (one case) 

Galliot Pans med 43 194, 1922 (one case) 

Gastinel Ann d mal ven 10 641, 1914 (one case) 

Gaston Bull Soc Irani; de dermat et syph 23 471, 1912 (one case) 
Gaucher, Gougerot and Guggenheim Bull Soc frang de dermat et sjph 
22 149, 1911 (two cases) 

Gennerich Ztschr f Chemotherap 1 69, 1912 (one case) 

Alunchen med Wchnschr 60 2460, 1913, cited bj Benario (four cases) 
Alunchen med Wchnschr 61 513, 1914 (no case report) 

Gennerich and Zimmern Dermat Ztschr 26 133, 1918 (eight cases) 

Geyer Deutsche med Wchnschr 37 1522, 1911, cited bv Benario (two 
cases) 

Gibbard, Harrison and Cane J Roj Army Med Corps 19 291, 1912, 
cited by Benario (one case) 

Gittings Brit A1 J 1 891, 1912 (one case) 

Glavtche Ann d mal ven 8 666, 1913, cited by Benario (two cases) 
Glovsche Dermatologia (russich) 1 697, 1913, abstr, Dermat Ztschr, 21 
461, 1914 (two cases) 

Goizet Ann d mal ven 6 254, 1911 (one case) 

Goubeau Presse med 25 325, 1917 (one case) 

Graham Edinburgh A1 J 8 442, 1912, cited by Benario (one case) 

Guiard Progres med, 1911, p 245 I 

Ann d mal ven 6 81, 1911 I Same case report 

J des practiciens 29 150, 164 and 181, 1915 J (one case) 

Hallopeau Arch f Dermat u Syph 106 231, 1911 (one case) 

Ann d mal ven 7 362, 1912 (two cases) 

Arch f Dermat u Syph 113 397, 1912 (one case) 

Hanacek Dermat Wchnschr 54 188, 1912, cited by Benario (one case) 
Hardrat Alunchen med Wchnschr 61 541, 1914, cited bj Benario (two 
cases) 

Hecht Arch f Dermat u Syph 124 327, 1919 (case reports no 28 and 
32) (two cases) 

Heiner Orvosi hetil 68 129, 1924, abstr, Zentralbl f Haut-u Geschlechts- 
krankh 13 294, 1924 (one case) 

Henmngsen Dermat Ztschr 28 40, 1919 (one case) 

Hesse Dermat Centralbl 13 355, 1910 (one case) 

Hofmann and Alergelsberg Dermat Ztschr 35 1, 1922 (twelve cases) 

Hudelo and Johvet Bull Soc frang de dermat et syph 22 430, 1911 (one 
case) 



II ALLEY-WASSERM AN— SYPHILIS SECOND INFECTION 865 

Ingram Brit M J 1 1291, 1923 (three cases) 

Irvine Brit AI J 1 765, 1917 (one case) 

Iwanov Dermatologia (russisch ) 2 1242, 1913, abstr , Dermat Ztschr 21 
1018, 1914 (one case) 

Referred to b} Wirr (one case) 

Jaegnet Bull et mem Soc med d hop de Pans 29 750, 1910 (three cases) 
Jeanselme J de med de Pans 28 33, 1919 (one case) 

Jeanselme and Vernes Bull Soc frang de dermat et syph 22 353, 1911, 
cited b\ Benario (one case) 

Jersild Hospitalstid 64 33, 1921, abstr, Zentralbl f Haut-u Geschlechts- 
krankh 3 380, 1922 (one case) 

Jordan Dermat Wchnschr 76 453, 1923 (two cases) 

Jorgensen Norsk Mag f Laegevidenslc 11 786, 1913, abstr, Deutsche med 
Wchnschr 39 1331, 1913, cited by Benario (one case) 

Kermorgant Bull et mcm Soc med d hop de Pans 41 886, 1917 (one case) 
Klauder J Cutan Dis 6 515, 1918 (three cases) 

Klotz Tr Am Dermat A 28 83, 1904 (one case) 

Kransz, cited bj Benario (one case) 

Krefting Norsk Mag f Laegcrvidensk 13 1223, 1915, abstr, Dermat 
Wchnscbr 64 310, 1917 (one case) 

Krosl Dermat Wchnschr 80 873, 1925, abstr, Zentralbl f Haut-u 
Geschlechtskrankh 18 600, 1926 (one case) 

Kjrlc Wien klin Wchnschr 37 1105, 1924 (one case) 

Lacapere Bull Soc frang de dermat et syph 23 466, 1912, cited by Benaiio 
(one case) 

Bull Soc (rang de dermat de s\ph 29 120, 1922 (one case) 

Lacapere and Galliot Bull Soc frang de dermat et syph 26 238, 1919 
(one case) 

Lambnor Bull Soc dcs med et naturahstes de Jassy 20 201, 1906, abstr, 
Ann d ven 2 132, 1907 (three cases) 

Laviergne Am J Urol and Sexol 12 10, 1916 (one case) 

Lessen Deutsche med Wchnschr 67 1425, 1921 (four cases) 

Lesczynski Zentralbl f Haut-u Geschlechtskrankb 15 149, 1925 (one case) 
Lichtenstein Wien klin W^chnschr 29 1208, 1916 (one case) 

Lier Wien klin Wchnschr 27 867, 1914 (one case) 

Lipschutz Arch f Dermat u Syph 109 3, 1911 (two cases) 

Lipskerow Vencrologija i Dermatologija, 1924, p 13, abstr, Zentralbl f 
Ilaut-u Geschlechtskrankh 18 90, 1926 (one case) 

Lipskeroff and !Minskcr Venerologija i Dermatologija, 1925, 34, abstr, 
Zentralbl f Haut-u Geschlechtskrankh 17 671, 1925 (one case) 

McDonagh Brit J Dermat 23 227, 1911 (one case) 

Alakris Grcce med 26 39, 1924, abstr, Zentralbl f Haut-u Geschlechts- 
krankh 14 234, 1924 (one case) 
klalherbe Gaz med de Nantes 31 201, 1913 (one case) 

Manuel Proc Roy Soc Med 4 30, 1910-1911 (one case) 

Mariotti Gior ital d mal ven 51 185, 1916, abstr, Dermat Wchnschr 
64 71, 1917 (two cases) 

Massion and Hervier Bull Soc med elm de L’Indo-Chme 4 159, 1913 
cited by Benario (one case) 

Merck, cited by Benario (one case) 
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Jilihan Bull Soc frang de dermat et sj^ph 21 83, 1910 (one case) 

Bull Soc frang de dermat et sj'ph 22 350, 1911 , cited by Benario (three 
cases) 

ilihan and Sauphar Bull Soc frang de aermat et syph 24 7, 1913, cited 
by Benario (one case) 

Moldovan Muncben med Wchnschr 59 1902, 1912, cited by Benario (one 
case) 

Morath Muncben med Wchnschr 69 1575, 1922 (one case) 

Alorelle Ann de L’Inst chir de Bruxelles 18 65, 1911 
Presse med beige 63 326, 1911 
J med de Bruxelles 16 56, 1911 , abstr , Dermat 
Centralbl 14 319, 1911 

Mouradian Ann d mal ven 17 838, 1922 (three cases) 

A'lrougowius Russk Vrach , 1912, no 26, abstr, Dermat Wchnschr 55 1563, 
1912 , cited by Benario (one case) 

Muller Arch f Dermat u Syph 123 393, 1916 (sixteen cases) 
Mullern-Aspergren Dermat Ztschr 20 1078, 1915 , cited by Benario (one 
case) 

Murero xvii nun d soc ital di derm e sifil , June, 1920, abstr, Zentralbl 
f Haut-u Geschlechtskrankh 5 317, 1922 (three cases) 

Mutschler Arch f Dermat u Sjph 147 107, 1924 (two cases) 

Nelken Lancet-Clinic 114 233 1915 (three causes) 

Nichols The Present Status of Saharsan Therapy m Syphilis, JAMA 
58 603 (March 2) 1912 (one case) 

A Second Initial Lesion of Svphihs One Year After the First, J A AI A 
80 843 (March 24) 1923 (one case) 

Nikolski Zentralbl f Haut-u Geschlechtskrankh 9 334, 1924 (two cases) 

Odstcil Dermat Wchnschr 65 654, 1917 (tw'o cases) 

Oltramare J d mal Cutat et de Syph 17 92, 1905 (one case) 

Ann d mal ven 16 661, 1921 (seven cases) 

Oplatek Wien klin Wchnschr 20 441, 1907, bibliography (one case) 
Oppenheim Zentralbl f Haut-u Geschlechtskrankh 1 108, 1921 (one case) 
Oro Rif med 41 268, 1925 , abstr , Zentralbl f Haut-u Geschlechtskrankh 
17 671, 1925 (one case) 

Orphanides Ann d mal ven 17 217, 1922 (one case) 

Papee Zentralbl f Haut-u Geschlechtskrankh 16 522, 1925 (one case) 
Pappagallo Gior ital d mal ven 54 302, 1913 , cited b^ Benario (one case) 
Parounagian New' York M J 103 153, 1916 (one case) 

Syphilitic Reinfection, Arch Dermat & Syph 8 98 (Julj) 1923 (one case) 
Parounagian and Mason Reinfection in Syphilis, Arch Dermat & Siph 
11 865 (May) (one case) 

Partos Wien khn Wchnschr 31 640, 1918 (one case) 

Pawlow Russky Wiestnick Dermatologii 19, 1924, abstr, Zentralbl f 
Haut-u Geschlechtskrankh 16 915, 1925 (one case) 

Payenneville Normandie med 31 133, 1921 (one case) 

Peyri Acta dermo -sifil, Feb -March, 1917, p 119, abstr, Ann d mal ven 
13 315, 1918 (one case) 

Piccardi Gior ital d mal ven e d pelle 63 477, 1922 , abstr , Zentralbl f 
Haut-u Geschlechtskrankh 6 184, 1923 (tw'elve cases) 

Pinard Bull Soc frang de dermat et svph 26 228, 1919 (one case) 

Ann d mal ven 15 722, 1920 (one case) 


1 case 

I (one case) 
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Pohlman Alunchcn med Wchnschr 61 2200, 1914 (one case) 

Polland Wien klin Wchnschr 21 1705, 1908 (one case) 

Wien kill! Wchnschr 37 162, 1924 (two cases) 

Pontoppidan Arch f Dcrmat u Syph 136 135, 1921 (thirty-seven cases) 
Posdujakow Khn med, 1922, vol 37 , abstr , Zentralbl f Haut-u Geschlechts- 
krankh 7 104, 1923 (one case) 

Quejrat Bull et mem Soc med d hop dc Pans 32 720, 1911 (one case) 
Demanche and Pmard Bull et mem Soc med d hop de Pans 37 379, 1914, 
cited by Benario (one case) 

Rathner Russki Wiestmck Dermatologii 3 149, 1925, abstr, Zentralbl f 
Haut-u Geschlechtskrankh 17 464, 1925 (one case) 

Reasoner Am J S\ph 8 313, 1924 (four cases) 

Renault Bull et mem Soc med d hop de Pans 29 1097, 1915 (oiie case) 
J des practicicns 29 783, 1915 ^ Same case report 

In discussion of Jcansclme and A.lthabegoiU ) (one case) 

Rene (Louis) La reinfection S3'ph} htiquc, these, 1923 (one case) 

Richards U S Xa\ kl Bull 9 651, 1915 (one case) 

Rics and Lejpen Med Corres -B1 des wurttemb Landesvereins 82 510, 1912 
(U\o cases) 

Roederer and Camus Bull Soc franq de dermat et syph 28 62, 1921 (one 
case) 

Sains de A/ua, cited b} Pejri (one case) 

Acta dermo-sifil, Oct-Xov, 1917, vol 39, abstr, Ann d mal ven 14* 
565, 1919 (two cases) 

Salmon Bull Soc dc L internat 1912, no 2, cited by Benano (one case) 
Sanz de Grado Acta dermo-sifil, Dec -Jan, 1919-1920, no 2, abstr, Dermat 
Wchnschr 72 385, 1921 (one case) 

Saphicr Wien khn Wchnschr 27 1058, 1914 (one case) 

Sarrat Ann d mal ven 16 700 1921 (one case) 

Schamberg Second Attack of Sjphihs Two Years After First, JAMA 
73 826 (Sept 13) 1919 (one case) 

Progressive Med 3 228, 1922 (one case) 

Progressive I^Icd , Sept, 1922, p 251 (one case) 

Scholtz Deutsche med Wchnschr 38 309, 1912, cited by Benario (one case) 
Scott Brit M J 2 1344, 1913 (five cases) 

Seehger Soc med chir dc Liege, Dec 7, 1911, cited by Benario (one case) 
Selenef Russischc Ztschr f Haut-u Geschlechtskrankh 7 10, 1907 , abstr , 
Dermat Centralbl 13 160, 1910 (four cases) 

Selenevv Dermat Centralbl 14 98, 1910-1911 ) 

Russische Ztschr f Ilaut-u ven Krankh Jan, 1910, vol Same case report 
19, abstr, Monatschr f prak Dermat 50 358, 1910 J (two cases) 
Shaw Brit AI J 1 777, 1912, cited by Benario (one case) 

Silberstem Arch f dermat u syph 143 334, 1923 (seven cases) 

Sirota Deutsche med Wchnschr 50 1585, 1924 (one case) 

Smith M Rec 88 60, 1915 ] Same case report 

Xew Y^ork M J 102 374, 1915 \ (one case) 

Spangenthal Sjphilitic Reinfection, J A M A 71 730 (Aug 31) 1918 
(one case) 

Spence Proc Roy Soc Aled 9 96, 1915 (one case) 

Ssachnowskaja and Schestakowa Venercologija i Dermatologija, 27, 1925, 
abstr, Zentralbl f Haut-u Gcschelechtskrankh 18 90, 1926 (two 
cases 
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Stein Khn med (russisch), 1922, vol 14, abstr , Zentralbl f Haut-u^ 
Geschlechtskrankh 7 103, 1923 (three cases) 

Stern Dermat Ztschr 14 197, 1907 ) Same case report 

Deutsche med Wchnschr 33 123, 1907 j (one case) 

Deutsche med Wchnschr 29 1247, 1913 (one case) 

Stokes, O’Leary and Goeckerman Arch Dermat & Syph 4 849, 1921 (one 
case) 

Stumpke Zentralbl f Haut-u Geschlechtskrankh 5 441, 1922 (one case) 
Suggett New York kl J 91 790, 1910 (two cases) 

Swerew Russk Vrach , 1911, p 1473, abstr, Dermat Ztschr 19 370, 1912 
Cone case) 

Swinburne J Cutan Dis 25 468, 1907 ] Same case report 

Tr 6th Int Dermat Cong 2 825, 1907 ^ (one case) 

Tartaru Ann de dermat et syph 4 243, 1923 (tw'o cases) 

Tieche Dermat Wchnschr 61 46, 1916, abstr, Dermat Ztschr 23 564, 1916 
(tw'o cases) 

Tommasi Gior ital d mal ven e d pelle 63 473, 1922, abstr, Zentralbl f 
Haut-u Geschlechtskrankh 6 184, 1923 (one case) 

Tnaud De la reinfection syphilitique. These, 1919 (three cases) 

Ullmann Dermat Ztschr 18 1065, 1911, cited bj Benario (one case) 

k’’alverde Brazil-med 2 279, 1924 , abstr , Zentralbl f Haut-u Geschlechts- 
krankh 18 803, 1926 (one case) 

Van Gant Dermatologia (russisch) 2 1410, 1913, abstr, Dermat Ztschr 21 
1018, 1914 (one case) 

Vanhaecke Echo med du nord 17 251, 1913 (one case) 

Van Rhee Syphilitic Reinfection, Arch Dermat & Sjph 10 240 (Juh) 1924 
(one case) 

k’’ilanova Acta derma -sifil , Feb -March, 1918, p 139 , abstr , Ann d mal 
ven 14 383, 1919 (one case) 

Westcope Brit M J 2 109, 1916 (tw'o cases) 

White Brit M J 2 509, 1917 (twentv-tw'o cases) 

Williams Lancet-Clmic 100 178, 1908 Same case report 
M Fortnightly 32 485, 1907 ^ (one case) 

Wood New' York M J 94 26, 1912, cited by Benario (same as Whiteside) 
Yerouchalmi Ann d mal ven 16 690, 1921 (one case) 

Zak J russe d mal cutat et r ener , March, 1914, p 201 , abstr Ann d mal 
ven 10 307, 1915 (tw'O cases) 

Zaun St Paul M J 14 115, 1912 (one case) 

Zieler Munchen med Wchnschr 67 886, 1920 (one case) 



PANCREATIC FUNCTION AND UPPER INTESTINAL 

DIGESTION 

A NEW METHOD OF STEDY 
S-\NFORD M ROSENTHAL, MD 

MONTREAL 

The methods at present available foi determining the activity of 
the external panel eatic secretion are based chiefly on the estimation 
of the enzyme concentration of the duodenal contents and the presence 
of fat and starches in the stools Such methods are helpful m advanced 
disease, but wide nonnal variations detract from their usefulness in 
earlier diagnosis and discourage their employment m laboratoiy 
experimentation 

The method Avhich I have evolved is based on the estimation of 
the digestion of starch in the upper intestine This is accomplished 
b\ giving starch b}’’ mouth, and stud 3 ung the rate at which it is broken 
down by following the rise in blood sugar 

Traces of diastatic feiments aie present in most body fluids, but 
they are produced in quantity only by the salivary glands and pancreas 
Hahn and Meyer ^ found that the amylase from these two sources 
has similar enzymatic properties Its activity is dependent on the hydro- 
gen ion concentration of the medium W illstatter - found the activity 
greatest at pn 6 8, and Sheiman ’ has shown that it is entirely inhibited 
at pn 4 on the acid side and pn 10 to 11 on the alkaline side 

It IS thus possible b}^ administering the staich in a slightly acid 
solution to do away with any salutary digestion, and digestion will 
not begin until the acid gastric contents are neutralized m the small 
intestine If the salivary enzyme is peimanently destroyed by the 
acid and by its sojourn in the stomach, hydrolysis of the starch will 
depend almost entirel)' on pancreatic activity, and on the degree to 
which the medium in the upper intestine favors the working of the 
amylase That these factors are constant in the normal is shown by 
the uniformity of blood sugar cuives following the ingestion of starch 
by the normal person Maclean,’ Gray,® and Rowe and Rogers ® studied 

*rrom the University Clinic, Roval Victoria Hospital 

1 Hahn, A, and Mejer, H Ztschr f Biol 76 227, 1922 

2 Willstatter, R , Leitz, E W, and Hesse, ARE Ztschr f physiol 
Chem 126 143, 1923 

3 Sherman, H C , Thomas, A W , and Baldwin, M E J Am Chem 
Soc 41 231, 1919 

4 ATaclean, H Glvcosuria and Diabetes, London, Constable & Co , 1924 

5 Gray, H Blood Sugar Standards, Normal Diabetic Persons, Arch Int 
Aled 31 241 (Feb ) 1923 

6 Rowe, A H, and Rogers, H Carbohydrate Tolerance in Normal Per- 
sons and in Nondiabetic Patients, Arch Int Aled 39 330 (Alarch) 1927 
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the blood sugar after the feeding of starch, ^Mth particular reference 
to carbohydrate tolerance, and obtained uniform ounces Maclean 
found cunes almost identical with those in which equivalent quantities 
of dextrose were administered These investigators did not attempt 
to eliminate sain ary digestion That the intestinal absorption of dex- 
trose IS a fairly constant factor is shoi\n by the uniformity in results 
of dextrose tolerance tests, so widely employed clinically m recent years 

METHOD 

Rabbits vere employed in the experiments After a preliminarj' starration of 
16 to 24 hours, ten grams of uncooked soluble starch (Merck) nere gnen 
in suspension in 50 cc of narm water, to which 0 2 or 0 3 cc of normal h>dro- 
chloric acid nas added just before administration This was gnen by stomach 



Chart 1 — Blood sugar curies after the administration of 10 Gm of starch 
to normal rabbits 

tube and washed in with 10 cc of water Samples of blood were taken from an 
«ar rein before and at intenals following the starch feeding, and the blood sugar 
was estimated bj the method of Folin and M u 

After normal curies were obtained in a series of rabbits, the pancreatic ducts 
were ligated Then the tests were repeated after the rabbits recovered from the 
operation There is usually onh one pancreatic duct in the rabbit, and it enters 
the duoaenum far down, 8 or more inches (20 3 cm ) from the pilorus 

RESULTS 

111 a senes of normal rabbits curves typical of sugar tolerance 
tests Mere obtained The rises m blood sugar varied from 50 to 95 
mg per hundred cubic centimeters of blood with an aterage of 62 
mg per hundred cubic centimeters of blood The blood sugar rose 
rapidly usuallv reaching a maximum in one half hour, and then gradu- 
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ally falling, not quite to noimal, ^\lthln three and one half houis 
In two rabbits to which acid was not given with the starch, the blood 
sugar cun^es were similar to the otliers in which 0 2 or 0 3 cc of 
normal acid vas used 

Tabli: I — Blood Sugar Changes after Admimsttaiion by Stomach Tube of Ten 
Giams of Uncooked Siaich m Fifty Cubic Ccnlimclci s of 
IValci to Noimal Rabbits'* 
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of 

nonnnl bjdrocbloric add uns added 


Tablf 2 — The Effect of Ligation 

Blood Sugai 

of the Pancreatic Duct 
after Staich Feeding 

on the 

Incicase in 

Day Before or 
Babbit After Oporatlo: 

Blood Sugar, Mg per 

Hundred Cubic 

Centimeters of Blood 

1 Control 

V. Hour 

1 Hour 

2 Hours 

Hours 

1 Before 

133 

200 

210 

174 

no 

Second after 

no 

130 

14(. 

no 

13S 

2 Before 

ISTi 

2tKt 

1S3 

i?i 

130 

Second after 

lie 

113 

no 

118 

no 

riftli after 

130 

1(,0 

100 

134 

aenth after 

72 

72 


77 

70 

3 Before 

117 

200 

ip<j 

170 

138 

rirst after 

111 

IK 


103 

102 

Fourth after 

123 

123 

135 

1 53 

12 Before 

100 

1V» 

130 

123 

123 

Second after 

120 

12f) 

Id) 

no 

110 

Sixteenth after * 

114 


14S 

130 

121 

10 Before 

114 

lO*) 

131 

131 


Third after 

113 

138 

131 

121 


Fifth after 

111 

133 

118 

118 


Seventh after 

103 

133 

133 

127 


19 Before 

118 

170 

133 

130 


Before 

103 

100 

1£2 

118 


Ihird after 

90 

109 

135 

103 


Fifth after 

114 

1V5 

133 

111 


Seventh after 

127 

140 

133 

125 



* At aulop' j tlie duct v ns lound patent 


In SIX rabbits fouitcen tests were perfonned from one to ten 
days after ligation of the pancreatic duct Either no rise of blood 
sugar or an increase of 5 to 10 mg per hundred cubic centimeters of 
blood occurred in four of the rabbits Rabbit 16 had an aveiage 
nse of 25 mg per hundred cubic centimeters of blood, and labbit 20 
a rise of 31 mg per hundred cubic centimeters of blood following 
ligation of the duct In rabbit 22 a normal curve was obtained on 
the sixteenth day, at autopsy it was found that the ligature had dis- 




870 


ARCHIVES OF INTERNAL MEDICINE 


appeared from the pancreatic duct, which was not dilated Methylene 
blue injected into it entered freely into the intestine In the other 
animals, complete obstruction was demonstrated by the injection of 
dye into the duct The presence of minute accessory ducts could 
not be definitely excluded, although a careful search was made for 
them at autopsy 

APPLICATION AS A METHOD TOR STUDYING 
UPPER INTESTINAL DIGESTION 

The digestion of starch, when salivary action in the mouth and! 
stomach is eliminated, proceeds m the upper intestinal canal The 
rate at which this digestion proceeds can be followed fairly closely 
by a study of the blood sugar It seemed likely that in normal 
persons or m persons in whom there is an adequate secretion of pan- 
creatic amylase such a method would be useful for the investigation 



Chart 2 — Effect of ligation of pancreatic duct in rabbit 2 cune 1 before 
operation, curve 2, five dais after operation, curve 3, two days aft'^r operation, 
curve 4, ten days after operation 

of vaiious factors or pathologic states which might influence digestion 
m the upper part of the small intestine 

In view of the high degree of sensitivity of the pancreatic and 
intestinal enzymes to hydrogen ions, and m view of the fact that 
m normal persons the reaction of the upper intestinal contents is 
frequently not the optimum for their action, an attempt was made to 
study the effect of the administration of increased quantities of acid 
on the digestion of starch The aad was added to the starch solution 
immediately before it was given by stomach tube to the rabbits An} 
hydrolysis of the starch which the acid itself might produce would 
tend to increase the rise in blood sugar Since a marked depression 
was always obtained, this source of error can be neglected Incubation 
of soluble starch in eight hundredths normal acid at 37 C for two 
hours did not produce an appreciable quantity of i educing sugars 
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It was a surpnse to find that lelativel} small quantities of acid 
could appi eciably influence the blood sugar changes 1 he height and 
shape of the cune weie gieatlj alteied when 1 oi 2 cc of noimal 
h\drochloiic acid (3 6^) pei cent) was added to the starch solution. 
The total use of blood sugai in loui labbits aveiaged in one half 
hour 25 mg. m one houi 29 mg, m two houis 21 mg and m three 
and one half houis, 13 mg pei hundred cubic centimeters of blood. 
In si.x expel nnents m uhich 3 or 4 cc of acid was added, the blood 
sugai inci eases a\eraged in one half houi 21 mg , m one hour IS 
mg and m tw^o houis 16 mg pei hundied cubic centimeters of blood 
These aie striking difteiences fiom the aveiages m eleven expet iments,. 
in wdnch from 0 2 to 0 3 cc of acid oi none at all w^as emplo>ed. 
In these the inci eases of blood sugai aveiaged at one half houi 62 

Tielf 3 — Adimnish atiou of ftoiu One to Tour Cubic Ccnlinictci s of Loiiuaf 
Hydrochloric Acid with the Slaich, Which Mathcdly Dcfirx^cd the 
Rtxc III Blood Sugai and alxo Delayed the Rctiini to hoi vial, 

Indicating Ritaidation and Lcxxi lud Intiiisity' 
of Digcxtwn 



^o^nnl 
H\droeliIonc 
.\cui, Cc 

lilood Siif,«r, Mp por 

Hundred 

(2ubic Ccntunctcrs 

Of Hlood 

R ibbU 

Control 

Hour 

1 Hour 

2 Hours 

5)^. Hours 

5 

1 

114 

133 

1I& 

111 

141 

0 

1 

1 w 

111!) 

151 

ISO 

lofl 

(/ 

O 

1(6 

125 

125 

125 

117 

s 

2 

125 

102 

100 

1(?2 

no 

7 

> 

liO 

142 

112 

137 


•} 

4 

no 

125 

1>S 

13S 

ns 

1 

1 

131 

151 

KSI 

10<> 

10(i 

7 

1 

lOS 

154 

125 

111 


15 

4 

111 


120 

IK) 


20 

i 

111 

130 

ns 

114 



mg , at one houi 54 mg , at tw o houi s 30 mg and at tin ee and one 
half houis 16 mg per hundied cubic centimeters of blood 

The inhibition of digestion fiom the acid is gieatest dm mg the 
first half houi It is geneially stated that amylase is not only inactivated 
but rapidly destroyed by acids, but an investigation of this pioblem wnth 
modem methods has not been found Owung either to the destruction 
of the enzyme oi to the fact that during the time thiough wdnch these 
observations w'eie made the reaction of the intestinal contents w^as 
never made sufficiently alkaline to appioach the pn at wdnch amylase 
works best {pn 6 8) staich digestion pioceeded slowdy wdien acid w^as 
given When inoie than 2 cc of acid w'as used as a lule theie w'as no 
tendenc} for the blood sugar curve to diop betw^een the fiist and thud 
hour following starch feeding 

It now' remained to piove that the admiinstiation of these quantities 
of acid did not alter the blood sugar changes pioduced by feeding 
of starch, either by causing the food to be letained longei m the 
stomach or bv interfering with the intestinal absoiption of the pioducts 
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Chart 3 — ^The inhibition of the upper intestinal digestion by acid in rabbit 4 
curve S, blood sugar after the administration of 10 Gm of starch + 02 cc 
of normal hydrochloric acid, curve 5A, after 10 Gm of starch + ''j cc of acid, 
curve D, after 1 Gm of dextrose (m 60 cc of water) , curve DA, after 1 Gm 
of dextrose + 4 cc of acid 



Chart 4 — Showing that acid does not appreciably alter the blood sugar curve 
after the administration of dextrose in rabbit 4, 1 Gm of dextrose with 4 cc 
of normal hydrochloric acid, (IVo) and without (IV , in rabbit 7, 3 Gm of 
dextrose + 3 cc of acid (VII^) , in rabbit 8, 5 Gm of dextrose + 4 cc of 
acid (VIII^) 
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of starch digestion This was clone by giving to thiee labbits 1, 3, 
and 5 Gm of dextrose in 50 cc of water and determining the blood 
sugar curv^es Aftei an interval of seveial da}s the tests weie repeated, 
3 or 4 cc of normal hydrochloiic acid being added to the dextrose 
solutions The shapes of the cun^es with and without acid were almost 
identical In labbit 7 the increase in blood sugar was greater wdieii 
acid was not given, but in labbit 8 the reveise tended to hold true 
These experiments indicate tliat in the labbit from 1 to 2 Gm of 
dextrose wull produce a blood sugar cmwe of a magnitude similar to 
tnat obtained from 10 Gm of uncooked staich 

COMMENT 

There is an apparent held of usefulness for moie refined methods 
of studying the activity of the external pancreatic secretion The 
piomising experimental results obtained with the staich toleiance test 
justify its application to clinical use and an attempt is at piesent being 
made to standardize the proceduie for emplovment in man Prehminai) 
experiments have showm that in man raw' starch is digested so slowly 
that from 50 to 75 Gm do not pioduce an appieciable use in blood sugar 
For this purjiose, therefoie, cooked starch is being used 

The fact that h}diochloric acid so markedly depi esses upper intes- 
tinal digestion places gastric hypeisecietion in a new role which may 
explain some of the digestive and metabolic distuibances seen in this 
condition For it must be remembered that trypsin, eiepsin and lipase 
are similarly susceptible to hvdrogen ions, and that wdiat has been found 
for carbohydrate digestion probabh applies to protein and fat digestion 
also It IS hoped that the carr 3 'ing out of expeiiments along similar lines 
with albumoses and fats w ill show that this is ti tie 

Calculations based on the sccietion of hydiochlonc acid m the dog ' 
indicate that the rabbit would produce in the neighborhood of fiom 
1 to 4 cc of normal hydrochloiic acid during a meal A part of 
this would be combined with the food proteins but the amounts used 
do not var}' far from ph) siologic limits 

The bile is an impoitant factor in the neutralization of the acid 
gastric contents, and intestinal digestion in obstiuctive jaundice deserves 
study from this method of appioach 

CONCLUSIONS 

In a series of ten rabbits, 10 Gm of uncooked staich in slightly 
acid solution was administered by stomach tulie A uniform rise in 
blood sugar resulted, avei aging 62 mg pei bundled cubic centimeters 
of blood 

7 Rosemann, R Arch f Physiol 118 467, 1907 
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Tests lepeated after ligation of the pancreatic duct showed either 
no rise in blood sugar or an increase of fiom 5 to 31 mg pei hundred 
cubic centimeters of blood 

The addition of from 1 to 4 cc of noimal hydrochloric acid to the 
starch markedly altered the height to which the blood sugar rose in 
normal rabbits The shape of the blood sugar curve was also changed, 
indicating that starch digestion was greatly inhibited during the first 
hour following its administration, and then proceeded at a slow rate 
over a period that was much more prolonged than nonnal That 
this was due to the depiessing effect of the acid on the activity of 
the intestinal enzymes was shown by the fact that similar quantities 
of acid added to solutions of dextrose did not appreciably alter the 
tolerance for dextrose 



THE ANTAGONISM BETWEEN INSULIN AND 
PITUITARY EXTRACT 

ITS DEMONSIRATION' IX A PVTIEXT ^\ ITII ACROMEGALY* 

HELMUTH ULRICH, M D 

Associate Professor of Clinical Patholog\, Boston University 

School of Medicine 

BOSTOX 

The pituitai} bod} has foi a long time been knoYii to play a pait 
in the mechanism that contiols caibohydiate metabolism Goetsch, 
Cushing and Jacobson^ noted the high caibohiduite toleiance that 
accompanies pituitary deficienc}, and they confiiined Boichaidt's- 
preiious assertion that the injection of pituitai} extract caused 
hypeiglycemia 

Stenstrom " made the appaienth conflicting obsenation that pitui- 
tai y extract inhibited the In peigljcemia and glycosuiia caused by injec- 
tions of epipephrine In di ochloi ide This was afteiwaid confiiined b} 
Burn'* nho was led theieln to speculate that pituitary extiact should 
enhance the action of insulin He found the opposite to be tiue,° 
namely, that posteiioi lobe extiact, when injected into labbits simul- 
taneously with insulin, “had a poweiful antagonistic eftect on the action 
of insulin” as w'ell as on that of epinephime h} drochloi idc 

Olmstead and Logan ° in their woik with deceiebiated cats, i cached 
the same conclusion, and the studies of Joachiinoglu and Metz." Lama ® 
and others added fuithei confirmation 

"•"From the Evans Memorial for Clinical Research and Ple^cntue Medicine 

1 Goetsch, E , Cushing, H, and Jacobson, C Carbolndrate Tolerance and 
the Posterior Lobe of the H\poplnsis Cerebri, Bull Johns Hopkins Hosp 22 165, 
1911 

2 Borcbardt, L Experimentellcs uber den Diabetes bei der Akromegalie, 
Deutsche med Wchnschr 34 946, 1908 

3 Stenstrom, T Das Pituitrm und die Adrenalinhvpcrghkamie, Biochein 
Ztschr 58 472-482, 1913 

4 Burn, J H Hipergljcemia Produced bj Adrenalin and bj Anesthesia, 
J Physiol , Proc Phjsiol Soc , Jan 23, 1915, vol 49 

5 Burn, J H The Modification of the Action of Insulin b\ Pituitar\ 
Extract and Other Substances, J Physiol 57 318, 1923 

6 Olmstead, J M D , and Logan, H D The Effect of Insulin on the 
Central Nervous System and Its Relation to the Pituitarj BodN, Am J Phvsiol 
66 437 (Oct ) 1923 

7 Joachimoglu, G, and Metz, A Ueber den Antagonismus \on Insulin 
und Hypophysenpraparaten, Deutsche med Wchnschr 50 1787 (Dec 19) 1924 

8 Laura, L Stato presente della teoria pancreatica del diabete a della 
relazione tra msulina e pituitnna, Riforma med 41 582 (June 22) 1925 



876 


ARCHIVES OF INTERNAL MEDICINE 


Moehhg and Ainslee ® believed that the antagonism of pituitary 
extract consisted of a conversion of muscle glycogen to dextrose 
Lawrence and Hewlett were of the same opinion They found, 
furthermore, that the usual small dose of pituitary extract (1 cc ) 
inhibited the h} pogl} cemic effects of insulin given at the same time 

In a different sphere of action, Serehnjski and Vollmer and Koref 
and IMautner^- proved that both insulin and pituitary extract, when 
used sepal ately, reduced the excretion of water by the kidneys, but 
that this inhibitory action was nullified when they were given together 
Then water excretion occurred in a normal manner And Coope who, 
with Chamberlain,^^ had previously shown that injections of pituitary 
extract caused fatty infiltration of the liver of rabbits, discovered that 
the simultaneous injection of insulin profoundly modified and often 
prevented this effect This suggests that the antagonism between these 
hormones is not one-sided, that is, of pituitary extract against insulin 
only, but reciprocal 

All of the quoted experimental research indicates that loss of carbo- 
h}drate tolerance m hyperpituitary disease is due to an antagonistic 
inhibiton action exercised b} excessne pituitary secretion* probably of 
the posterior lobe, on noimal insulin function If this assumption is 
coirect, then the use of insulin in the treatment of patients w’lth hjper- 
pltultar^ gl}cosuiia should pro\e paitialh oi \\ holly ineffectne 

Falta reported the case of an insulin ref i active patient with 
ghcosuna, ^\hose low basal metabolic rate obesit) and extremely small 
sella suggested to him a hypoph}sial influence In the case of Mahler 
and Pastern} the patient had a proAcd pituitary tumor Sixty units 
of insulin did not affect the hyperglycemia 

9 Moehlig, R C , and Amslee, H B Antagonistic Action of Posterior 
Pituitary Extract and Insulin, J A M A 84 1398 (r^Iaj 9) 1925 

10 Lawrence, R D, and Hewlett, R F L The Eftect of Pituitnn and 
Insulin on Blood Sugar, Brit M J 1 998 (Haj 30) 1925 

11 Serebrijski, F, and Vollmer, H Zum Antagonismus zwischen Insulin 
und Hi pophj senhormon, Klin Wchnschr 4 2256 (No\ 19) 1925 

12 Koref, O , and Mautner, H Ueber den Emfluss von Pituitnn und 
Insulin auf den Wasserhaushalt, Monatschr f Kjnderh 31 303, 1925 

13 Coope, R Insulin and Pituitnn “Fat Lner,” J Physiol 60 92 (May) 
1925 

14 Coope, R, and Chamberlain, E X The Effect of Pituitnn on the Fatty 
Acid of the Liver, J Phj'siol 60 69, 1925 

15 Falta, W Ueber einen insuhnrefraktaren Fall von Diabetes melhtus, 
Khn Wchnschr 3 1315 (Julj) 1924 

16 Mahler, P , and Pasterny, K Klinische Beobachtungen uber Insulm- 
wirkungbeim Diabetes melhtus, Med Klin 20 337 (May 16) 1924 
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Cushing,’" John and Het^el,’'* however, stated, in effect, that 
pituitary diabetes does not diffei from panel eatic diabetes in its response 
to insulin theiapy Cusliing has apparently come to a different con- 
clusion, because in a lecent paper of his, wiitten jointly with 
Davidoff,-” the belief is expiessed that insulin may be less effective in 
patients with piluitai y ghcosuiia than m those with panel eatic dia- 
betes John’s two case lepoits, one of which will be discussed later, 
are not convincing and lend themselves readily to an entirely different 
inteipietation Hetrel’s case, too. will be taken up again, and, accoiding 
to Hetzel’s own woids, the patient will be shown to have been lefractoiy 
to insulin, despite the conclusion that insulin treatment was effective 

The following study of a patient with aciomegaly and hyperglycemia 
is piesented in support of the quoted laboiatory evidence that antagonism 
between pituitaiv extiact and insulin exists and ma) be clinically 
demonstnible 

Rcpou r or CAsn 

L D C , a man, aged 24, was admitted to the E\ans jMemonal Hospital on July 
3, 1924, for endocrine stiuh A diagnosis of pitiiitar\ neoplasm was made, 
based on the presence of licadaclie, characteristic changes in the ocular fundi 
and color fields, a basal metabolic r.ite of minus II and an cniaigcd sella turcica 
with a shallow and eroded floor At this time ghcosuria W'as not found lie 
was discharged m two weeks and readmitted a month and a half later, complain- 
ing particularly of headache Ghcosuria was absent 

The patients next entr\ was on Dec 13, 1924, when he complained of marked 
thirst, polyuria and weakness Ghcosuria was now' present, the sugar m the urine 
amounting to 238 Gm in twentj-four hours 

In Mcw of Cushings’" statement that ‘Sve know that acromegalic ghcosuria 
IS associated with a In pcrglyceima, and that it reacts to insulin as docs pancreatic 
diabetes,” difTicultj was not expected m the attempt to control ghcosuria in this 
patient 

He was given 10 units of insulin before each meal and a diet containing 
approximateh 80 Gm of protein, 160 Gm of fat and 60 Gm of carbohydrate 
(chart 1) The blood sugar was 404 mg per hundred cubic centimeters of 
blood After two daj's of insulin treatment, the urine sugar w'as 818 Gm This 
was a satisfactory reduction, but, to hasten icsults, the amount of insulin was 
doubled The blood sugar did not decrease but increased to 500 mg The dosage 
of insulin was increased to 40 units three times a day, but the blood sugar 
increased further to 625 mg 0 his led to another doubling of insulin dosage to 
80 units before each meal Glycosuria decreased, the sugar m the urine amount- 
ing to 40 Gm , and the blood sugar to 285 mg , nevertheless, the dosage of insulin 
was increased to the huge amount of 120 units three times a day Glycosuria 

17 Cushing, H The Pituitary Gland as Now' Know'n, Lancet 2 899 (Oct 31") 
1925 

18 John, H J The Possible Relationship Betw'een Acromegaly and Diabetes, 
Arch Int Aled 37 489 (April 15) 1926 

19 Het/el, K S Glycosuria in Acromegaly, Lancet 1 440 (Feb 27) 1926 

20 Davidoff L M , and Cushing, H Studies m Acromegaly VI The 
Disturbances of Carbohydrate Metabolism, Arch Int Med 39 751 (June) 1927 



878 ARCHIVES OF INTERNAL MEDICINE 

•decreased until there was onlj a trace of sugar in the urine, and the blood sugar 
decreased to 154 mg 

It was deemed hazardous to continue the high dosage of insulin at this rela- 
tively low level of blood sugar , therefore, a reduction to 80 units three times daih 
was made Sugar disappeared from the urine on the following day The dosage 
of insulin was gradually reduced to 60, 40, 20 and 10 units, and finallj was 
omitted Blood sugar had steadily receded, despite this reduction of insulin 
dosage, until it reached 87 mg on January 30, three da\s after insulin therapj 
had been stopped 

Throughout this time the patient had been given the diet referred to pre- 
Mously, but when the blood sugar fell to 87 mg, a nondiabetic diet was ordered 
Sugar did not reappear m the urine, except a trace on April 4 and 0 2 per cent 
on June 20 The blood sugar remained low for five months It amounted to 
126 mg on June 19, two days before the patient’s discharge 

He was readmitted on July 25, 1925, because of recurring headache The 
urine contained no sugar and the blood was normal He left the hospital on 



Chart 1 — The solid line depicts blood sugar , the broken line, sugar in the 
urine, and the hatched area, amounts of insulin per dose A diabetic diet w'as 
gnen throughout this period, except when unrestricted diet is indicated 

No\ ember 15, and reentered a week later The blood sugar amounted to 142 mg 
The patient’s progress was not favorable, headache being particularlj trouble- 
some, so that surgical intervention w^as decided on 

After operation, both gh^cosuna and hvpergh cemia reappeared in marked 
degree and increased steadily for a month It is possible that these postoperative 
manifestations w'ere due, in part, at least, to the lnJur^ oi contiguous cerebral 
tissue Insulin m 40 unit doses had a definite depressing effect on this traumatic 
In perglycemia, reducing it in tw'elve days from 500 mg to 167 mg Later, how- 
ever, presumably after the subsidence of the operatue effects and reassertion of 
hyperpituitary activity, evidence of insulin failure was again demonstrable but 
the slight hyperglycemia (125 mg) found at this time ga^e less striking results 
The patient was discharged, showing daily traces of sugar m the urine and 
persistent slight hyperglycemia 

He was admitted again on Nov 30, 1926, with 286 mg of blood sugar and 
111 Gm of sugar in the urine Four days later, the blood sugar was unchanged 
Then it increased to 363 mg Twenty units of insulin, gi\en three times a da^, 
low'ered the amount of sugar in the urine, but the blood sugar remained 
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unaffected Insuhn was then discontinued, and dietetic restrictions were removed 
The blood sugar promptly increased to 500 mg These effects and others caused 
bv changes of diet and Aariations in the dosage of insulin are depicted on chart 
2, which covers the period of his sta> m the hospital 

Anal} SIS of charts 1 and 2 must lead to the conclusion that insulin 
had but little effect on the blood sugar level of this patient during 
the periods covered by these chaits (The postopeiative hypeiglycemia, 
which mat have been due to surgical trauma, appealed to be more 
responsive ) One should note, particulai ly, in the first half of chart 1, 
the increasing blood sugar while insulin was being increased and, in the 
second half of this chait, the peisistent decline of hyperglycemia, 
despite a fairly rapid decrease in the dosage of insulin from the huge 
total of 360 units a da> to nothing At first glance it ma\ appear that 



Chart 2 — Blood sugar sanations arc indicated b> tlic solid line, ghcosuna by 
the broken line The dosage of insulin is shown b> the large hatched blocks A 
diabetic diet was given throughout, except as indicated 


insuhn treatment was responsilile for this lowering of the blood sugar 
level Closer stud} of the chart disproves this It should be noted 
especial)} that without insulin, even with unrestricted diet, the blood 
sugar remained normal 

It IS known that glycosuria accompanying hyperpituitary disease 
ma} disappear spontaneously, regardless of treatment John and 
Hetzel reported cases of acromegaly, previously cited, in which this 
occurred Indeed, their cases seem to be similar to the one reported 
here But John believed that the elimination of glycosuria in his patient 
was due to dietetic restrictions and the use of insulin and that the case w^as 
one of cured pancreatic diabetes Hetzel came to the conclusion that in 
his patient “The glycosuria was identical with that of diabetes, it 

21 John, H J Spontaneous Disappearance of Diabetes, J A. M A 85 1629 
(Xov 21; 1925 
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leacted similarly to insulin and control of the diet” This conclusion, 
howevei, does not agree with the text of his case repoit There he 
stated that “the efficacy of insulin was doubtful” and that it “had onh 
a small effect on the blood sugar ” 

To be sure, m his case as m John’s, all evidences of diabetes finalh 
vanished, and it may have been this fact that brought Hetzel to the 
foiegomg conclusion But insulin does not act m that way Its intensive 
use, as has been shown,-- may laise the carboh 3 '^di ate toleiance of 
children and young adults a little, but it does not cure diabetes Both 
Hetzel and John were apparently misled, m that they mismtei preted 
a spontaneous lecession of pituitary h} pei gl} cemia as an effect produced 
by insulin 

Sachs and MacDonald leported the case of a uoman vho was 
operated on for “acute acromegaly” The operation was follow^ed by 
glycosuiia which, they stated, “m no w^ay diffeied from ghcosuria ot a 
diabetic patient,” and wdrich ‘Svas fuitheimoie conti oiled by adminis- 
tration of insulin ” Glycosuiia w^as apparently not piesent before oper- 
ation, so that 111 this patient it must be regarded as a lesult of opeiatne 
trauma rather than as a symptom of pitmtarv disease This places 
the case m an entiiely different categoiy and does not prove the efficaci 
of insulin in tiue hyperpituitary glycosuria 

The only seemingly lalid evidence of efficient insulin action in this 
type of glycosuria is furnished by Blum and Schw^ab They gar e 
30 units of insulin to each of tw'o patients, one suffering fioiii acro- 
megalic glycosuria, and the othei from pancreatic diabetes The 
responses weie essentially equal 

This may mean that theie are giadations of antagonism in 
diffeient patients wnth hyperpituitaiy disease, langmg in mtensit} 
from none at all, as m the case of Blum and Schwab, to almost com- 
plete inhibition, as in my case Or, if it is tiue that pituitary tumors 
may give rise to glycosuiia by pressure on neighboring brain centers 
the simultaneous piesence of this pressure type, which ma}’- be amenable 
to insulin, with a hypersecretory type, would lead to varying degiees 
of responsiveness to treatment with insulin Again, it is conceivable 
that some of the patients may develop true pancreatic diabetes, owung 
to exhaustion of the panel eas from constant stimulation by the pituitary 

22 Ulrich, H Induced Hypoglycemia as a Means of Resting and Improi- 
ing Pancreatic Function in Patients With Diabetes, J A M A 83 1914 (Dec 
13) 1924 

23 Sachs, E , and MacDonald, M E Blood Sugar Studies in Experimental 
Pituitary and Hjpothalamic Lesions, Arch Neurol S. Ps^chlat 13 335 (March) 
1925 

24 Blum, L , and Schivab, H Diabete acromegalique et insuhne, Compt 
rend Soc de biol 89 195 (June 8) 1923 
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liyperglycemia Such patients may then become nioie susceptible to 
treatment with insulin 

Chart 2 shows clearly that the hyperglycemia of my patient was 
influenced markedly by dietetic changes, and the second half of this 
chart suggests that insulin also had a slight effect To ascertain moie 
definitely the diiect action of insulin, uncomplicated b} dietetic influence, 
large doses weie given befoie bieakfast on foui widel} separated days 
as illustrated on chart 3 On each of three of these occasions the 
amount of insulin ^^as 50 units, and on one it was 100 units Blood 
sugar determinations ueie made at vaiying inteivals aftei the injec- 
tions of insulin Food uas not allowed until after the last specimen 
of blood of that day had been diawn Similai tests to seive as con- 
trols were conducted with four patients sufieimg fiom so-called pan- 



Chart 3 — Changes in the blood sugar lc\cl following injections of insulin 
ivith the patients in the fasting state The amount of insulin gnen was 50 
units in each instance, except in experiment IV, when 100 units w as used Cur\ es 
I to IV represent the blood sugar responses of the patient with acromegah 
Curves V to VIII show the responses of four patients with pancreatic diabetes 
The first blood sugar ^alue in each case was obtained immediatelv before the 
injection of insulin, the otheis, as shown on the chart, at varying inter\als 
afterward 

creatic diabetes The cur\es depicting these tests ate plotted at the 
right of chart 3 

In the patient with acromegaly, the injection of insulin was follow'ed 
111 at least three of the four tests b} a definite loweiing of the blood 
sugar level If curve I had been extended, it might possibly have 
shown a further depiession of glycemia Aside fiom this possibility, 
however, a compaiison of the two sets of curves show's decided!} diftei- 
ent results The extent of the i eduction of blood sugai was much 
greater in the patients with pancreatic diabetes Three of them became 
markedly hypoglycemic and developed symptoms of severe insulin shock 
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Compaiisoii of curves IV and VIII is particularly instructive Both 
show blood sugai values of 444 mg before the injection of insulin 
The patient with aciomegaly received 100 units and responded with a 
decrease to 250 mg , the patient with diabetes leceived only 50 units, 
but the decrease in his blood sugar was moie than twice as great 

SUMMARY 

1 Medical hteiatuie contains much experimental evidence that the 
inteinal secietion of the posteiior pituitary lobe antagonizes insulin 

2 A case of hypeipituitaiy disease with acromegaly and glycosuria 
IS reported, m which this antagonistic action is demonstrated 

3 The opinion is expressed that this antagonism may vary in differ- 
ent patients 

4 Insulin may, therefoie, show varying degrees of efficiency m the 
tieatment of hyperpituitai y loss of carbohydrate tolerance 

5 In the case reported, its effectiveness was much impaired 



ACROMEGALY AND DIABETES 

REPORT or SIX CASES ^ 

WALLACE U YAIER, I^I D 
Fellou in Medicine, The Majo Foundation 

ROCHESTER MI\'N 

It IS assumed in this papei that acromegaly is a constitutional disease 
of adult life due to overactivity of the anteiioi lobe of the pituitary 
gland, manifest pathologically by a Inperplastic oi adenomatous process 
composed of acidophilic cells ^ Since the first comment on the fre- 
quent occurience of melhturia in peisons with tumor of the hypophysis, 
made by Loeb - in 1884, there has been much experimentation and 
much discussion concerning the relationship of the pituitaiy gland to 
the diabetes The hypotheses thus far advanced are 

1 In the hypothalamus nii the neighborhood of the hypophysis, 
there is a centei wdncli regulates caibolndrate metabolism In aero- 
megal), the pressure of a laige tumor of the pituitary gland on this 
center causes the diabetes 

2 The glycosuria is due to secondary changes in the panel eas 

3 There is a disturbance of the internal secretion of the thyroid 
gland, wdiich impairs the functional ability of the islands of Langerhans 

4 An excess of secretion of the posterior lobe of the pituitary gland 
Itself IS responsible for the diabetes, probably by^ stimulating glycoge- 
nolysis in the glycogen reseivoirs and thus supplying glucose at a rate 
bey^ond the ability of the tissues to utilize it 

5 The hy^pophysis itself contains ner\e centers or tiacts wduch are 
effective in producing such an excessive glycogenolysis 

6 The hypophy^seal secretion or a nerve center in or near the 
hypophysis serves to check the rate of secretion of insulin from the 
islands of Langerhans 

"^Work done in the Dnision of ^Medicine, Majo Clinic, under the direction 
of Russell M Wilder 

1 Bailey, Percival, and Davidoff, L M Concerning the Jilicroscopic 
Structure of the Hypophysis Cerebri in Acromegaly Am J Path 1 185, 1925 
Cushing, Harvey, and Davidoff, L M Studies in Acromegaly V The Patho- 
logical Findings in Four Autopsied Cases of Acromegaly with a Discussion of 
their Significance, IMonograph, New York, Rockefeller Inst j\Icd Res 1927 
vol 22 

2 Loeb, M Em Erklarungs\ ersuch der verschiedcnartigen Temperaturver- 
haltnisse bei der tuberculosen Basilarmeningitis, Deutsches Arch f khn Med 34 
443, 1884 
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7 The internal secretion of the pituitary gland is directly antago- 
nistic to insulin and nullifies its effect 

The results of experimental and clinical investigations regarding 
the relationship of the pituitary gland to carbohydrate metabolism may 
be summarized as follows 

1 Acromegaly is found to be complicated by diabetes melhtus more 
frequently than by any other disease It has been estimated in various 
series of cases of acromegaly that diabetes occurs in from 9 to 40 per 
cent, with an average, probably, of from 10 to 12 per cent These 
figures are subject to two errors In many cases, the diagnosis of 
diabetes rests on insufficient data, such as the presence of glycosuria 
alone, m other cases, the patients were not examined sufficiently often 
or followed long enough to justify any conclusions as to whether 
diabetes had been present or would develop Nevertheless, the fre- 
quency is so striking as to suggest moie than an accidental relationship 
Borchardt,® tabulating the cases from the literature up to 1908, found 
that there were 63 (35 5 per cent) Avhich were complicated by frank 
diabetes and 8 more which were associated with at least an alimentary 
glycosuria Davidoff ^ reported that in 25 of Cushing’s 100 cases of 
acromegaly melhturia was evident and that in 12 of these frank diabetes- 
was present 

2 Glycosuria and diabetes aie uncommon in nonacromegahc dis- 
orders of the hypophysis, such as tumors of the hypophysis itself not 
accompanied by acromegal} and lesions in the vicinity of the hypophysis 
which cause pressure on the gland or invade it secondarily Colwell,*^ 
however, found, even after an incomplete survey, 38 cases of non- 
acromegahc disorders of or near the hypophysis accompanied by 
glycosuria or diabetes, and suggested that this number compaies favor- 
abl)'^ with the incidence of glycosuria or diabetes m patients with 
acromegaly 

3 Hypopituitarism is rarely associated with glycosuria , increased 
tolerance is a usual occurrence The syndiome of obesity, delayed 
development of the sexual organs and functions, lack of secondary 
sex characteristics and inferior mental capacity, has been assigned 
to a deficiency of pituitar}’- secretion because of the demonstration in 
such cases of destructive lesions involving the hypophysis and because 
of the experimental production of such a syndrome by extirpation of 

3 Borchardt, L Die Hypoph 3 'senglykosune und ihre Beziehung zum Dia- 
betes bei der Akromegalie, Ztsclir f klin Med 66 332, 1908 

4 Davidoif, L Studies in Acromegaly III The Anamnesis and 

Symptomatology' in One Hundred Cases, Endocrinology 10 461, 1926 

5 Colwell, A R The Relation of the Hypophysis to Diabetes Melhtus, 
Medicine 6 1, 1927 
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the hypophysis in animals Goetsch, Cushing and Jacobson,® especially, 
have been lesponsible for this view and have demonstrated the increased 
toleiance for cai bohydrates m such cases These investigations also 
showed that h} perglycemia induced by removal of a large portion of 
the pancreas tended to subside when paitial hypophysectomy was later 
performed, and, conversely, that when animals had acquired a high 
sugar tolerance nith hypoglycemia after hypophysectomy, they bore 
the removal of a large portion of the pancreas with less disturbance of 
carbohydrate balance than the normal animal would This work and 
that of others has been criticized, however, because the alimentary 
glucose tolerance test was used Moreover, Gibson " i eported a typical 
example of hypopituitai ism in which diabetes existed, and John® 
reported 5 cases of clinical h 3 ^popituitarism with glycosuria or deci eased 
sugar tolerance (oral method of administration), which represented 
12 per cent of the cases of hypopituitarism at the Cleveland Clinic 
However, m the entiie senes of 185 cases from the Peter Bent Biigham 
Hospital in which the diagnosis of pituitai} tumor lecorded as “chiomo- 
phobe” vas verified histologicall}^ onl} 4 were proved to have been 
associated with e^en transient glycosuria Wildei and Sansum,® giving 
glucose lntra^enoush continuously and at a constant rate in 2 patients 
with Frohch’s syndrome, obsen^ed essentially the same limit of assimi- 
lation as 111 4 normal controls The}’- concluded that the increased 
tolerance demonstrated by those who used the oial method might have 
been due to some such factor as dela}ed absorption 

4 Transient gl}COSUiia follows lemoval of the hypophysis m ani- 
mals (first shovn b} Caselh,^® in 1900 and by Friedman and Maas 
in the same lear and confirmed by man} othei investigators) Goetsch. 
Cushing and Jacobson® found that any opeiative manipulation of the 
gland would frequently cause glycosuria Weed, Cushing and Jacob- 
son obsen^ed that direct mechanical or electrical manipulation of the 

6 Goetsch, Emil Cushing, Har\e 3 , and Jacobson, Conrad Carbohydrate 
Tolerance and the Posterior Lobe of the Hypophysis Cerebri, Bull Johns 
Hopkins Hosp 22 165, 1911 

7 Gibson, H J C H^popItultarlsm Associated with Glvcosuna, Edinburgh 
M J 31 82, 1924 

8 John, H J Spontaneous Disappearance of Diabetes, JAMA 85 
1629 (Nov 21) 1925, The Possible Relationship between Acromegaly and Dia- 
betes, Arch Int Med 37 489 (April) 1926 

9 Wilder, R M , and Sansum, W D d-Glucose Tolerance in Health and 
Disease, Arch Int Med 19 311 (Feb) 1917 

10 Caselh, A, quoted by Colwell (footnote 5) 

11 Friedman, F F and Maas, Otto Ueber Extirpation der Hypophysis 
cerebri, Berl khn Wchnschr 37 1213, 1900 

12 Weed, L H , Cushing, Harvej’, and Jacobson, Conrad Further Studies 
on the Role of the Hypophysis m the Metabolism of the Carbohydrates Bull 
Johns Hopkins Hosp 24 40, 1913 
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hypophysis of rabbits, cats and dogs under ether anesthesia invariably 
produced glycosuria (provided the liver contained sufficient glycogen) 
They demonstrated, also, that glycosuria followed mechanical or faradic 
stimulation of the superior cervical sympathetic ganglions and did so 
even after all of the known nerve paths to the visceia had been severed 
They observed that glycosuria did not take place following stimulation 
of the superior cervical ganglion when the posteiioi lobe of the hypoph- 
)sis had previously been removed They thought that these lesults 
showed that the secretion of the posterior lobe itself and not diiect 
stimulation of the liver by a neive loute was responsible foi the glyco- 
suria The woik, however, has nevei been confirmed 

5 In 1909, Aschner piovoked glycosuria m an animal for ti\o days 
by injury to the hypothalamic legion in the flooi of the thud ventricle 
In 1912,’-^ he reported studies showing that glycosuria was almost 
always caused by injury of the tuber cinereum This lesult was con- 
firmed by otheis Camus, Gouinay and Le Giand were able to 
produce piolonged glycosuria by injury of this organ, and in one animal 
it lasted forty-seven days Sachs and MacDonald showed that when 
the base of the brain was not injured during hypophysectom} , glycosuria 
did not occLii, but that it did so only when the biain region of the floor 
of the third ventricle was injured whether the hypophysis vas removed 
or not 

6 Injection of pituitary extracts often produces tiansitoi} gl}COsuria 
and hyperglycemia This has been demonstiated by many investigatois, 
hut a few have failed to confirm it 

7 Goetsch, Cushing and Jacobson® observed that the high sugai 
tolerance of some of their animals (alimentary test), even when accom- 
panied by hypoglycemia, could be oveicome and glycosuria piovoked 
by the hypodermic injection of anterior lobe as well as posterioi lobe 
extracts Houssay and Magenta reported that dogs, after the estab- 
lishment of hypopituitarism by hypophysectomy, were more easily 
lendeied hypoglycemic by the injection of insulin than noimal dogs 

13 Aschner, Bernhard Ueber das “Stoifwechsel- und Kingeweidecentrum 
im Zwischenhirn” seme Beziehung zur inneren Sekretion (H\pophvse, Zir- 
beldruse) und zum Diabetes insipidus, Berl khn Wchnschr 2 772, 1916 

14 Aschner, Bernhard Ueber die Funktion der Hypoplnse, Arch f d ges 
Physiol 146 1, 1912 

15 Camus, J , Gournay, J J , and LeGrand, A Diabete sucre experimental, 
Comp rend Acad d sc 177 146, 1923 

16 Sachs, Ernest, and MacDonald, M E Blood Sugar Studies in Experi- 
mental Pituitary and Hypothalmic Lesions with a Review of Literature, Arch 
Neurol & Psychiat 13 335 (March) 1925 

17 Houssay, B A, and Magenta, M A Sensibihte des chiens hypophy- 
sectomises a leigaid de I’lnsuhne, Comp rend Soc de Biol 92 822, 1925 
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All of the hypophysectomized dogs had convulsions and died, wheieas 
the contiol animals did not have convulsions and suivived Othei 
investigatois, howevei, have demonsti ated the same iiici eased sensitivity 
to insulin following injury of the infundihulum alone Ohnstead and 
Logan weie unable to pioduce any substantial i eduction of blood 
sugar by the injection of insulin in deceiebiate cats only when the 
hypophysis was left intact, but demonsti ated seveie insulin leactions 
with hypoglycemia and convulsions when the hypophysis was lemoved 
with the cerebium 

8 Buin^^ demonsti ated in animals that pituitaiy extiact is capable 
of pi eventing and leheving hypoglycemia and convulsions pioduced by 
the injection of insulin Thiee of Davidoflf and Cushing's patients, 
who had been shown to lespond noimally to insulin, did not lespond 
as expected (msulhcient fall in blood sugai concentiation) when 20 
units of insulin were comhmed with 1 cc of pituitai}’’ 

9 Stenstrom found that pituitaiy inhibited the hypeiglycemia due 
to the administiation of epinephime, and Aschnei obseived that the 
gljcosuric effect of epinephrine m hypophysectomized dogs was less 
constant than m noimal animals 

10 The lesulls of hypophysectomy m man have not satisfactoiily 
demonstiated amelioration of the diabetes It is tiue, howevei, that 
It is extremely difficult to lemove all of the gland, and also that the 
patients have not been sufficiently caiefully obseived aftei operation 
111 the majority of cases Davidoff and Cushing-” lepoited onh one 
instance fiom 14 cases of aciomegaly and diabetes in which 
there ivas immediate cessation of the glycosuiia aftei opeiation foi 
pituitary adenoma Thiee davs aftei opeiation the blood sugai content 
was 0 12 pel cent, and ghcosuiia was not present dm mg the following 
month up to the time of dismissal In view of the fact that the pie- 
existing diabetes had been mild and only lecently discoveied and that 
while in the hospital the patient may not have been consuming as 
much caihohydrate food as pieviously, this case is not satisfactoiy 
pi oof of an} causal lelationship of the pituitaiy condition to the dia- 
betes Elli s -- lepoited a case m which he claimed that the diabetes 

18 Olmsted, J D , and Logan, H D The Effect of Insulin on the 
Central Nervous System and its Relation to the Pituitary Bodv, Am J Physiol 
66 437, 1923 

19 Burn, J H The Afodification of the Action of Insulin by Pituitarj 
Extract and other Substances J Plnsiol 57 318, 1923 

20 Davidoff, L Af , and Cushing, Harvej'- Studies in Acromegaly A^I The 
Disturbances of Carboh 3 'drate Aletabolism, Aich Iiit Aled 39 751 (June) 1927 

21 Stenstrom, Thor Das Pituitrin und die Adrcnahnhypergh 3 '^kamie, Bio- 
chem Ztschr 58 472, 1914 

22 Elhs, A W A'l Hvperglvcaemia and Glycosuria in Acromegaly with 
Pathological Report by Prof H AI Trumbull, Lancet 1 1200, 1924 
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was relieved following hypophysectom) , but three years after the radical 
extirpation of a pituitary adenoma, the fasting blood sugar content 
was 0 18 per cent and the glucose tolerance test gave a definitely dia- 
betic curi’^e although the diabetes for some time following the operation 
■\\as less intense The patient, however, had been on a diabetic regimen 

Davidolt and Cushing-® tested the glucose tolerance in 9 patients 
with acromegah, using the intravenous method, before and after hypo- 
ph 3 '^sectomy , in 4, a distinct improvement in tolerance was evidenced 
by a decrease in the blood sugar level In all but 1 of these 4 cases, 
there had not been an} clinical evidence of diabetes before operation , 
in 1, mild clinical diabetes w^as present In the case in wdiich greatest 
improvement in tolerance w^as manifested, the operation w'as the most 
radical , m those m wdiich impro\ ement w'as the least marked the least 
tissue w'as remoA^ed DaAndoff and Cushing also called attention to 
the fact that these patients before operation and a few others Avho 
were not operated on gaA'^e tolerance curves in wdiich the blood sugar 
rose to a higher le\el than the normal and, wnth a single exception, 
remained higher than the normal throughout the period of examination 
One of John s ^ patients, also did not show' ghcosuria but “there was a 
slight leaning toward impairment of carboh}drate function,' as shown 
b} a glucose tolerance test 

11 The diabetes occurring in persons with acromegal} is in all 
essential respects similar to the diabetes in the absence of acromegaly 
John ® stressed this point wnth 2 case reports, and Cohvell ® reported 
a careful!} studied case m which this statement A\as substantiated In 
most cases pol}dipsia and polyuria haAe been proportionate to the 
se^erit} of the diabetes These s}mptoms and the gl}cosuria respond 
to dietetic management as in ordinary diabetes The glycosuria may 
be intermittent and detectable onl} after excessive ingestion of carbo- 
hydrate The diabetes is often relativel} mild but some patients have 
succumbed to diabetic coma It has often been stated that the diabetes 
complicating acromegal} runs an irregular course Colwell studied 
the literature carefull} Avith this point in mind and collected reports 
of 17 cases in w'hich an at}pical course Avas claimed to occur He 
concluded that in some of these, dietetic control had not been established 
In others there appeared to haA'e been a bona fide improvement m the 
diabetes, and in a feAV an apparently spontaneous disappearance of 
the diabetes Cushing ® has been an ardent advocate of the theory 
“that in the early stages of acromegaly the sugar tolerance test is apt 
to be loAV but that later in the disease there is an acquired overtolerance 
this is a clinical obserA'ation based mainly on the results of tolerance 
tests for sugar as estimated by the amount necessary to produce glyco- 
suria AA'hen taken by mouth The diabetes associated AAith acromegaly 
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responds to insulin as it does in the oidinaiy foim Seveial of the 
cases in the piesent senes demonstiate this point cleaily, the subject 
will be discussed fuither 

In a senes of 79 patients with aciomegaly examined at the Mayo 
Clinic, glycosuna has been obsened in 8 Alany of the 79 
patients weie examined on only one occasion Six of those who mani- 
fested gl 3 xosuna weie studied fiom the standpoint of the diabetes 
sufficiently to establish the diagnosis of tiue diabetes melhtus Of the 
other 2 cases, gljcosuna was piesent m one to the extent of OS per 
cent on one unnal 3 ^sis only, in the second, 800 cc of mine contained 
1136 Gm of glucose (137 pei cent) and the blood sugai was 180 
mg pel cent, but there was no sugai m the mine in a test made one 
week latei The 6 cases that weie moie caiefully studied aie lepoited 
111 this papei The authenticit 3 of the aciomegaly in one of these 
(case 4) may be questioned The histoiy of enlaigement of the acral 
paits and featuies was lacking and signs of pressuie weie not 
present Howeiei, the appeal ance of the patient was so stiikmg as 
to suggest aci oinegal 3 ’’ at once to all the clinicians who saw hei The 
enlaigement of the sella tuicica i ocntgenoscopicall 3 ’' fuither stieiigth- 
ened the impiession The pathologist could not state definitely that 
the condition was or was not aciomegaly, but he admitted that the 
pituitai 3 ’’ gland was laigei than normal and showed signs of mci eased 
activity as well as seveial small chiomophilic adenomas and an occasional 
mitotic figme Insulin was eniplo 3 'ed m the tieatment of 3 of 
the 6 patients, and, because of the scaicity of lepoits of cases in 
which the effects of insulin on the diabetes have been obseived, two 
of these aie recoided m some detail 

Two othei cases in which fiank diabetes was not evident deseive 
brief mention In one a hypei functioning adenomatous thyioid was 
present, and the oial admimsliation of 100 Gm of glucose was followed 
by a diabetic blood sugar cuive, thyioidectomy was peifoimed, but 
a fuithei study of the blood sugai was not made In the other, a 
case complicated b 3 ^ exophthalmic goitei, gl 3 'cosuiia was discovered 
during pieparation foi thyioidectom 3 '^, 55 units of insulin was given 
daily, although the only estimations of blood sugai befoie that time 
levealed a level of 83 and 125 mg pei cent The insulin was continued 
for fom days aftei thyioidectomy, gl 3 '-cosuria was not evident 
thereafter 

REPORT or CASES 

Case 1 — AciomcgaJv of moic than fifteen yeais’ duiatwn with gicatly 
enhtged scUa tuictca, but untJwut ugn^ of pi ami c, diabetes iiiclhfus of ten 
ycais duiatwn, easily couti oiled by diet alone 

On June 13, 1925, a laborer, aged 49, appeared for examination at the Mayo 
Clinic with the complaints of diabetes, headaches and impaired vision The 
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familj histon uas irrele\ant He was a widower with two children Ining and 
well He had had diphtheria at the age of 6 and influenza in 1918, at one time 
a nasal operation had been performed, the details of which were not obtainable 
'\cromegaH had been diagnosed fifteen jears before and he had noticed enlarge- 
ment of the hands a jear prior to that The acromegaU had gradually progressed 
since that time He had suffered from dull bilateral and supra-orbital headaches 
for tiventi a ears, but these were not as se\ere as formerh He had been well 
otherwise until ten a ears before admission A\hen he began to drink about a gallon 
and a half of A\ater daih the pohdipsia was accompanied bi pohuria ana 
pohphagia Ghcosuria had not been discoA'ered until fiie a ears later and since 
then thirst or pohuria had not been present A\hen the patient AAas on a qualitatne 
restriction of carbohj drates Ghcosuria had been present during the last fiAe 
A ears wheneAer the urine had been examined There had not been ain loss oi 
A\ eight For the last fourteen months, the patient had not been careful in the 
matter of diet but had taken from 5 to 15 units of insulin “double strength 
each morning There had been some blurring ot Aision for the last ten a ears 
and loss of sexual desire lor the same length of time General A\eakness had 
preiented the patient irom lAorking during the last fiAe a ears He had complained 
of dizziness for tAAO or three a ears numbness ot both legs irom the knees doAAn lor 
tAAO A ears and a running sore on the right great toe lor one a ear 

The patient AAas large, being 6 feet 2 inches (188 cm ) tall and AAeighing 242 
pounds (110 Kg ) There A\as general OAcrgroAAth of the skeleton, including 
especialh the frontal eminences, the zAgomatic processes malar and nasal bones, 
the loAAer jaAA and the hands and feet The teeth AAcre separated The skin and 
subcutaneous tissues AAere thickened, and the skin AAas drj and scab The ejelids 
AS ere thickened There as ere multiple pigmented neAi scattered OAer the bodj, 
especialh on the back There AAas a loul smelling “trophic’ ulcer OAer the outer 
surface of the first right metatarsophalangeal joint The teeth AAere in bad con- 
dition The tonsils as ere enlarged and contained liquid pus The thsroid gland 
AS as small, but as as palpable, firm and slighth nodular The heart as as moderateh 
enlarged to the left, ssith a soft ssstolic murmur at the apex and an occasional 
premature contraction The blood pressure as as 130 ssstolic and 74 diastolic, tlie 
pulse rate aa as 74- and the temperature, 98 4 F The abdomen aa as pendulous and 
the liser moderateh enlarged The gait ssas moderateh ataxic The rignt 
adductor pollicis and hspothenar eminence as ere atrophied There as as som., 
diminution of sensation beloss the knees The reflexes ssere present but sluggish 
Both great toes shoss'ed a tendencs to go into plantar extension A'lsion in the 
right ese ssas 6/10 and in the lett 6/5 The light reflex ssas somewhat cut down 
in both ejes There ssas moderate retinitis of mixed diabetic and sascular hpes 
The Aisual fields ssere normal 

Urinals SIS shossed a specific gras its of 1041, acid reaction no albumin, 2 4 
per cent sugar, ssith 27 5 Gm. in 1,100 cc (tss eh e-hour specimen) no acetone o' 
diacetic acid, and negatise microscopic examination The hemoglobin ssas 75 per 
cent, the ers throes tes numbered 4,530,000 and the leukocs-tes 6 600 The blood 
urea ss^as 30 mg per cent and the blood sugar, 300 mg per cent The Wasser- 
mann reaction ssas negatise A roentgenogram of the skull shossed the sel’a 
turcica greath enlarged and destruction of the floor (fig 1) An electrocardio- 
gram shossed a rate of 82 left sentricular preponderance slurred Q R S 
complex in leads I and II occasional sentricular premature contractions, inserted 
P in lead HI and inserted T in lead III Tsso basal metabolic rates ssere 
-f- 7 and -|- 6 
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The condition was diagnosed as acromegaly with pituitary tumor and diabetes 
melhtus with diabetic neuritis and a trophic ulcer 

For the first ten days, the patient was given a diet containing 28 Gm oi carbo- 
hjdrate, 43 Gin of protein and 175 Gin of fat (1,920 calories, 71 Gin of glu- 
cose'’) For the next five days the diet contained 94 Gm of carbohydrate, 55 Gm 
of protein, and 242 Gm of fat (2,850 calories, 150 Gm of glucose) Sugar was 
not found in the urine after the second day Ihc blood sugar on the second da\ 
was 237 mg per cent and on the eighth day, 143 mg per cent 



Fig 1 (case 1) — Lateral roeiitgcnograpinc appearance of the skull showing 
the enlarged sella tiucica 


Casi 2 — Aciomcyaly of ftoin fiflecii to tzvnitv vcai s' duialiou zvillioui zigns 
of piczziDc and dmbclcz inclltluz zvitlioul zymplowz and of wilnozvn duiatwii 
On Jan 20, 1927, a farmer, aged 52, who had lived in Russia until the age 
of 10, came to the Mayo Clinic complaining of pain in the chest and general 
weakness The family history was irrelevant He had been married for twenty- 
i>ix years and had nine children living and well Appendectomy had been per- 
formed m 1915, and herniotomy m 1925 A moderate attack of mfluenra had 
occurred in 1918 He used coffee and tobacco in moderation He had had a burn- 
ing pam in the lower substernal region radiating through to the back for four 

23 Glucose value “G” (Woodya(t) = 100 C -|- 0 58 P -f 0 I F 
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years , this had been relieved b} eating and drinking, and had not been aggravated 
by strenuous exertion There had been periods of freedom from this pain for 
weeks at a time He complained also of flatulence and periods of “sour stomach ” 
Vision was poor There w'as a slight chronic cough For three jears, exertion 
had provoked a little more dyspnea than normal kloderate nocturia had been 
present for several jears He had been aw’are of an increase in the size of his 
face and hands for fifteen or tw'entj jears 

The patient was obese, he was 5 feet 9 inches (175 3 cm) in height, and 
weighed 213 pounds (97 Kg) The features, hands and feet were tjpical of 
acromegalj' Sonorous rales w'ere present at the hilum and the base of the right 
lung The axillarj Ijmph nodes were enlarged The heart was normal except 
for distant sounds The blood pressure was 120 s^stohc and 88 diastolic, the pulse 
rate was 104 and the temperature 99 F There was bilateral recurrent inguinal 
hernia, spermatocele was found on the right The prostate was moderatelj' 
enlarged The right palpebral fissure was larger than the left Vision w'as 
about 6/15 in both ejes, and the Msual fields were normal The ^ocal cords w’ere 
thickened and the arjtenoids enlarged, suggesting acromegalj 

The specific graviU of the urine was 1 033, and its reaction acid it contained 
a trace of albumin, 4 2 per cent sugar, or 5108 Gm in 1,200 cc (twehe-hour 
specimen), but no acetone or diacetic acid, the microscopic examination was 
negatne The blood sugar was 240 mg per cent The hemoglobin was 87 per 
cent, the erjthrocjtes numbered 4,650 000 and leukocjtes, 7,800 The Wasser- 
mann reaction was negatne The total gastric aciditj was 42 and the free 
hjdrochloric acid, 24 Fluoroscop\ and rocntgenographj of the stomach gave 
negative results A roentgenogram of the chest was negatne except for moderate 
enlargement of the heart The sella turcica was normal in size in the roentgeno- 
gram '\n electrocardiogram showed a rate of 88 sinus rhjthm, notched 
Q R S complex in lead III and left lentricular preponderance 

The diagnosis was acromegah and diabetes melhtus The cause of the sub- 
sternal pain was not determined 

The patient w'as given a diet containing 100 Gm of carbohj drate, 42 Gm of 
protein and 153 Gm of fat (2 004 calories, 140 Gm of glucose) Gljcosuria was 
not present while this diet was maintained The blood sugar on the third da^ 
W'as 180 mg per cent 

Case 3 — Aciomcgaly ivifli caily diminution of glucose folciancc, clinical 
diabetes lata, similai in all icsfccts to oidinaiy diabetes, tnci cased nictabolism 
responding to icst, latent svphihs 

On Oct 15, 1921, a French-Canadian laborer, aged 51, presented himself for 
examination at the Majo Clinic, complaining of rheumatic pains in the knees 
and hoarseness The familj historj was irrelevant He had been married thirtj-five 
jears and had one child, aged 21, In mg and well The onh e\ent of importance 
m the histor\ w'as a penile lesion at the age of 20, which had been 
cauterized This had been followed bj patchj' alopecia During the w’lnter of 
1919 and 1920, “rheumatism” of the left knee developed, and in June, 1921, the 
right knee became similarlj affected In Januarj', 1921 he contracted a severe 
“cold” w'hich lasted three months A month after the onset of this cold he 
became hoarse The hoarseness persisted but had been somew'hat better during 
the month preceding admission Aphonia had never been present There had 
been some djspnea during tbe last month and some obstruction to breathing at 
night He had been perspiring excessivelj' for the last two or three months He 
had noticed that his hands had been getting larger for tw'o or three months but 
did not think his feet had increased in size No one had e\er commented on a 
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change m his appearance, but he thought that his features had become altered, 
although he had never paid much attention to this He thought that he had 
become more stooped 

The patient's skin was hairy, he was 5 feet 6 inches (1676 cm) tall and 
weighed 175 pounds (79 Kg) The lower jaw and hands were large, the 
shoulders stooped and the chest barrel-shaped He was bow-legged All of the 
superficial Ijniph nodes were moderately enlarged, especially the cervical nodes 
The knees creaked on passive motion Moderate arter’osclerosis ^\as present 
The blood pressure was 182 systolic and 115 diastolic, the pulse rate was 94 



Fig 2 (case 3) — Lateral rocntgcnographic appearance of the basal legion 
of the skull, showing the enlarged sella turcica 

and the temperature, 986 F On the dorsum of the penis was a small scar 
Laryngoscopy showed slight edema of the epiglottis and arytenoids with fixation 
of the left vocal cord in tlie bilateral abductor position, both vocal cords wcie 
reddened Tins picture, other than the fixed cord, suggested acromegaly to the 
larj ngoscopist Vision in the left eye was 6/10 with correction, and in the 
right, 6/7 With correction The visual fields were normal except that there was 
no color field for green or blue, with the 6/280 test object 

The urinalysis was negative The Wassermann reaction was strongl}'- positive 
twice The spinal fluid was normal The hemoglobin was 77 per cent, the 
erythrocytes numbered 4,360,000 and the leukocytes, 5,300 Two basal metabolic 
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tests were +33 and +21 A roentgenogram of the skull showed great enlarge- 
ment of the sella turcica (fig 2) Roentgenograms of the hands and feet 
were reported positive for acromegaly A roentgenogram of the chest was 
negative The result of a sugar tolerance test after the ingestion of 100 Gm 
of glucose IS recorded in table 1 

The patient w^as given tw'o courses of sin. intravenous injections each of 
arsphenamine, and forty-two intramuscular injections of mercuric succinimidc 
On April 21, his condition was the same He complained of sweating The 
Wassermann reaction was positive 

On Hay 18, the Wassermann reaction was strongly positive 
On Jan 6, 1926, the patient reappeared He had not received anj^ more 
antisj'phihtic treatment A vear before this examination, poljdjpsia and poljuria 
developed, and a qualitative restnctiv'e diet was given with injections of insulin 
three times a daj for two weeks The thirst and polvuria disappeared for six 
months and then recurred He had not restricted his diet for the last fe\/ 
months Since last seen, he had gained in weight for a time, but during the last 
vear, in spite of a large appetite, he had lost 21 pounds (9 5 Kg ) At the time 
of examination he weighed 162 pounds (73 5 Kg ) He complained of slight 


Table 1 — Sugai Tolciaucc Test tii Ca<;i 3 



Blood Sug ir, 

Glucose in 

Amount of 


Mg per 

Unne, per 

Brine, 

Conditions of 'lest 

Cent 

Cent 

Cc 

Fasting 

200 

Irnce 

150 

One half hour ifter the ingestion of ICO Gm glucose 

230 

Uracc 

30 

One hour after ingestion oi glucose 

240 

2 ') 

70 

lX\o hours after ingestion of glucose 

230 

OIC 

SO 

'riiree hours after ingestion of glucose 

ISO 

Ir ice 

SO 


intolerance to heat, excessive perspiration and palpitation of the heart He had 
been "weak in the knees’ for the last fiv'e jears There had been loss of libido 
and potentia for one jear \''ision had been somewhat blurred for three months 
The additional observations in the phvsical examination at this time were a sma^l 
adenoma in the right lobe of the thvroid and a right indirect inguinal hernia 
The blood pressure was 136 sv'stolic and 90 diastolic, the pulse rate was 110 
There was moderate anemia of the secondary tvpe, the hemoglobin being 68 
per cent and the ervthrocv tes, 3,910,000, this was attributed to hemorrhoids 
Vision was 6/20 in each eje, the reduction in acuitv probablv being due to 
opacities of the lens, the visual fields were normal The Wassermann reaction 
was still strongly positive Five infected teeth were demonstrated by the roentgen 
rav The specific gravitv of the urine was 1 041, and the urine contained 5 1 per 
cent sugar, or 109 1 Gm in 2,140 cc (twentv-four-hour specimen) The basal 
metabolic rate was +32 

The metabolic rate and the diabetes were studied in preparation for inguinal 
herniotomy The patient responded well to the prescribed diet and insulin Under 
the influence of rest alone, the basal metabolic rate dropped from + 32 to + 5 
The response to antidiabetic treatment became more satisfactorj as the basal 
metabolic rate fell, but the decrease in the amount of urinary glucose was strik- 
ing immediately after the institution of injections of insulin Table 2 is a com- 
posite record of the diet, urine, estimation of blood sugar insulin dosage and 
basal metabolic readings while the patient’s metabolism was being studied, and 
table 3 IS a record of the corresponding data while the diabetes was being studied 
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Case 4 — Somewhat questionable aciomegaly of nnknozvit duiatwn, with 
enlarged sella tuicica but zvithout signs of piessmc, mild diabetes melhius of 
unknown dniatwn and zvithout symptoms , tiimoi of the spinal coid with opeia- 
tion, iicciopsy 

On Aug IS, 1925, a Norwegian housewife, aged 68, first appeared at the 
Mayo Chnic complaining of pain m the left shoulder and numbness of the feet 
The family history was irrelevant She had been married twice, altogether for 
thirtj-five years, and had had three children by her first husband, one of the 
children had died of tuberculosis and another had died in infancy Catamenia 
had been normal, and menopause had occurred at the age of 49 She had not had 
any previous illnesses but had alwajs been healthy and strong and a hard worker 
Several months before examination, she began to notice that her feet felt cold 
and numb and that later they began to burn and ache In going upstairs she 
\\ould stub her toes and often fall There was no sensation of pain when she 
struck her toes or bruised her shins The numbness had increased in severity 


Table 2 — Fust Senes of Data Relative to Metabolism (Case 3) 
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1-1-17 

1/U 

101 

07 

210 

174 

1,010 

1011 

3S7 

702 


50 

-H5 

1/13 

99 

es 

197 

152 

1,533 

1 013 

0 41 

800 

250 

50 

•flC 

1/10 

101 

02 

191 

135 

1,130 

1012 

0 93 

723 


50 

+• s 

1/17 

101 

00 

212 

100 

935 

1019 

131 

0 03 


60 


1/lS 

101 

GO 

20S 

100 

1,543 

1920 

102 

8 48 


50 

+ 4 

1/10 

99 

03 

201 

134 

2,030 

1 OOS 

135 

0 70 


50 

+ 7 

1/20 

101 

02 

209 

137 

1,703 

1 015 

1 57 



50 

— 1 

1/21 

102 

02 

209 

loS 






50 

-flO 

1/23 

100 

42 

153 

140 





ICO 

50 

4- J 

* Glucose cqim alcnt 
(Aug) 1921] 

G =: 

300 C -1- 0 5S P 

-f- 01 P 

[Woodj ntt 

Arcli Int 

iled 

SS • 123 


She became more and more unable to get about without help In February she 
began to have “rheumatic” pains in the left shoulder, which radiated downward 
around the left side of the thorax to the sternum m front and to the interscapular 
region behind The pain was a constant dull ache, which was t\orse at night 
The movements of the arm were not limited For the last four or five months 
she had been having trouble occasionally in controlling defecation, especially after 
the use of a cathartic, the desire to defecate would come suddenly and unan- 
nounced Two months before examination, glycosuria was discovered and a diet 
was prescribed Electric therapy had been carried out for the pam m the 
shoulder without relief She had not noticed any change in her features or 
extremities, the onset of tlie condition had evidently been gradual for a number 
of years 

^The patient was obese, she was 5 feet 4j4 inches (163 8 cm ) tall and weighed 
195 pounds (89 Kg ) , her normal weight had been 220 pounds (100 Kg ) She 
had typical acromegalic features and hands and feet The tonsils were chronically 
infected The heart sounds were distant, the first apical sound muffled Moderate 
arteriosclerosis and lu^pertrophic arthritis of the terminal joints of the fingeis 
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were present The left shoulder girdle showed muscular atroph}^ Slight edema 
of the feet and legs was present The left knee reflex was more active than 
the right There was a positive Babinski sign and a suggestive Chaddock response 
on the left The pupils were small and sluggish Vision m the right eye 
was 6/7 with correction and m the left, 6/6 with correction The fundi showed 
mild senile fibrosis Tbe visual fields were normal There were a few peripheral 
lens opacities 

The first urine examined (twelve-hour specimen) contained 7 5 Gm of sugar 
The blood urea was 25 mg per cent, the blood sugar 217 mg per cent Thf* 
Wassermann reaction was negative The hemoglobin was 77 per cent, the 
erythrocytes numbered 4,120,000 and the leukocytes, 5,600 A phenolsulphon- 
phthalein test of renal function gave a return of 40 per cent of the d 3 e in tvo 


Table 3 — Second Sciics of Data Relation to Mctahohsni (Case 3) 
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60 
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73 

55 
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35 

74 

lOO 


15 

2/ 7 

100 

42 

153 

140 


15 

2/ S 

100 

42 

153 

100 


13 

2/ 9 

54 

45 

206 

lOO 


15 

2/10 

54 

45 

206 

lOO 


15 

2/11 

54 

45 

200 

100 

130 

15 

2/12 
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54 
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54 
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15 

2/15 

54 

45 

206 

100 


15 
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54 

45 
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lOO 


15 
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54 

45 

206 
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15 

2/18 

54 

45 
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lOO 


15 


* Gljcosurn not present during tins period 
t Herniotomy 


hours (intravenous administration) A roentgenogram of the skull showed mod- 
erate enlargement of the sella turcica (fig 3) One of the chest revealed an 
upper mediastinal shadow, which was diagnosed as a small substernal goiter 
The patient was kept in the hospital for ten dajs on a diet containing 100 

Gm of carbohydrate, 42 Gm of protein and 153 Gm of fat (calories, 2,002, 140 

Gm of glucose) The urine remained practically sugar-free on this diet, except 
for an occasional faint trace The patient was sent home on a qualitatively 
restricted diet The diagnosis was acromegabq mild diabetes mellitus of the vascu- 
lar ti'pe and suspected tumor of the spinal cord 

On Jan 15, 1927, the pain in the left shoulder and thorax had become moie 
severe and was aggravated by stooping or lifting but not by straining W eakness 
of the legs had become more marked, and spasticity had developed, for two 

months the patient had been completely paralvzed from the yvaist down and 

had been confined to bed During this time muscular atrophy of the legs had 
developed The numbness had extended up the legs to a level ]ust above the 
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umbilicus, and lliere was almost complete anesthesia m this area to pain and 
temperature with some reduction of tactile sensation For the previous month 
there had been frequent painful flevor spasms of both legs, which would often 
wake the patient at night Control of the rectal sphincter had been practically- 
lost, and control of the bladder had become affected later 

The patient weighed 35 pounds (17 Kg ) less than on the previous ex'amma- 
tion There was practicallj complete loss of power of the abdominal muscles and 
of both loner extremities, with spasticitjq partial clonus, increased reflexes and 
definite anesthesia up to the level of the sixth dorsal segment Tenderness was 



Fig 3 (case 4) —Lateral rocntgenogi am of the basal region of the skull, 
showing the enlarged sella turcica 


present over the fifth dorsal vertebra The visual fields were normal The 
thyroid was not palpable, although the roentgenogram showed a substernal 
goiter The blood pressure was 140 systolic and 88 diastolic, and the pulse rate 
was 106 

The specific gravity of the urine was 1031 and the reaction acid, the urine 
contained a trace of albumin, and 1 1 pei cent, oi 4 8 Gm of sugar in 400 cc 
The blood urea was 24 mg and the blood sugar, 260 mg pei cent The hemo- 
globin was 78 per cent, the erythrocytes numbered 4,420,000 and the leukocytes, 
4,200 The spinal fluid was slightly yellow, was positive for globulin, contained 
one lymphocyte to the field, and gave a pressure of 2 0 cm , there was no 
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response to jugular pressure The benzoin sol cur\e "nas 000003333332000 A 
roentgenogram of the spme showed hjpertrophic arthritis of the cer\ical dorsal 
and lumbar regions 

A tumor or the spinal cord at the le\el of the fifth or sixth dorsal \ertebra 
vas diagnosed and laminectomj decided on The patient was admitted to the 
hospital and gi\en a qualitatne restriction diet At the end of fire dajs the 
blood sugar was 120 mg per cent there was a trace of sugar m the urine or 
onh two occasions 

On Januarr 26 the patient was taken to the operating room but collapsed 
following procaine hrdrochloride anesthesia and was sent back to her room 
She quickh recorered from this condition 

On Januarj 28 there was 21 per cent (19^3 Gm) of sugar m the urine 
on Januarj 29, 0 92 per cent (6 58 Gm ) and on Januarj 31 onh a trace On 



X60 

the same dar, under ethrlene and ether anesthesia laminectomy of the fourth 
fifth and sixth rertebrae was periormed Directh beneath the fiftli a hard, fixed 
tumor vas found the dura was opened and a calcified endothelioma measuring 
1 0 br 1 8 cm w as exposed it la\ posteriorh and to the left and flattened the 
cord to a mere ribbon The tumor was remoied and the dura closed The 
patients condition was good throughout the operation and the blood pressure 
was 120 svstolic at the end. She regained consciousness but suddenh died later 
the same da> 

The essentials of the pathologic report b> J W Kernohan are as follows 
The pituitarj- gland was about tiMce the normal size It contained large col- 
lections of colloid material The pars mtermedia showed glial proliferation The 
pars anterior was larger than normal, and throughout its entireti some acini 
were seen which contained small collections or colloid and stained pale wit’-^ 
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hematoxylin The majority of the cells were eosinophilic but some were basophilic 
in reaction There was a small adenoma just beneath the capsule of the pars 
anterior, composed mainly of eosinophilic cells (fig 4) There were also several 
small adenomas in the substance of the pars anterior similar to this An occasional 
mitotic figure was seen throughout the pars anterior 

The tumor of the spinal cord was a typical endothelioma, with numerous 
psammoma bodies and some large areas of ossification with bone marrow spaces 
containing fat and blood cells (fig 5) 

In the head of the pancreas was a considerable degree of replacement of fat 
The islands of Langerhans w^ere, for the most part, of normal appearance A 
few show'ed slight excess of fibrous tissue In the body of the pancreas con- 
siderable arteriosclerosis was noted throughout, but the islands did not show 



Fig 7 (case 5) — Appearance of patient thirteen ^ears previous to the first 
examination 

notable changes In the tail of the gland the majority of the islands appeared 
normal, but a few showed fibrosis and hyalinization (fig 6) Excessive fat w^as 
observed m sections of the liver stained with scharlach R 

Case 5 — Ao oincgaly of tliiitecu ycats’ dniatwu with beginiung signs of 
piessuie, Jiistoiy of symptoms of hypo thyi oidism fot five ycais, diabetes 
melhtus somewhat atypical, of two yeais’ duiatwn, with Izvo attacks of coma 
thyroidectomy and death 

On June 1, 1927, a wmman, aged 41, presented herself for examination at the 
Mayo Clinic with the complaint of diabetes The family histor 3 ’- w'as irrelevant 
She had been married twenty years without the desired pregnancy Menstruation 
had begun at the age of 13 and had been regular until tw^elve j ears before admis- 
sion, when menopause suddenly occurred at the age of 29, although there W'as 
a slight flow once m 1920 She had not been ill except for a mild attack of 
influenza in 1916 She had been examined previously at the Ma\o Clinic in 
December, 1920 Her complaint then had been puffiness and enlargement of the 
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acral parts and the face, of six or seven years duration At first there had been 
considerable aching in the forearms and hands She had had to wear gloves and 
shoes two sizes larger than usual and had gamed 20 pounds (9 9 Kg ) She felt 
well except that all work was an effort For two years there had been a large 
goitrous swelling in the right side of the neck, but after administration of thyroid 
extract for fifteen months the size of this was greatly reduced The skm had 
previously been dry but had become moist and less puffy Her appearance was 
strikingly different from what it had been thirteen years before, as shown by 
a photograph taken at that time (fig 7) On examination at that time, typical 
acromegaly was found The sella turcica was enlarged (graded 4) and the 
posterior clinoid processes eroded The visual fields were normal Glycosuria was 
not present Estimation of the blood sugar was not made Two basal metabolic 



Pig 8 (case 5) — A, front view of patient as she appeared at the time of 
the last examination, showing typical acromegalic physiognomy and acromegalic 
appearance of hands B, side view of same patient 

rates were -f- 7 and + 4 The thyroid gland was not reported as being enlarged 
The patient was discharged without medication 

About two years later, symptoms suggestive of Iiyperthryoidism appeared 
nervousness, tremor, intolerance to heat, undue perspiration, excessive appetite 
and easily induced fatigue However, there was no loss of Aveight These 
symptoms had persisted for three years when polydipsia and polyuria appeared, 
the patient then began to lose weight, but the symptoms of hyperthyroidism weie 
greatly ameliorated and she felt better and stronger Six months after the 
onset of thirst and polyuria, she suddenly became comatose Her physician 
diagnosed the condition as diabetic coma, administered insulin, and after two days 
she regained consciousness From then on, she was on a weighed diet containing 
SO Gm of carbohydrate, 60 Gm of protein and 130 Gm of fat (98 Gm of 
glucose) , she took ten units of insulin three times a day The thirst and polyuria 
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soon disappeared, she felt well, and the puffiness of the features and evtremities 
decreased markedb', so that she was able to wear shoes a size smaller She 
graduallj lost 29 pounds (10 3 Kg) m weight During the j'ear and a half 
on this regimen, the urine was tested frequently but sugar was never found 
(However, the Benedict’s solution she used w'as afterward found to be worth- 
less ) During this time she did not have more than four or five recognizable 
reactions to insulin 

About a w'eek previous to examination, June 1, 1927, the patient became 
nauseated and lapsed into somnolence The attending physician found large 
amounts of glucose m the urine, whereupon he administered 300 units of insulin 
wnthm forty-eight hours At the end of this time, the patient awmke for half 



Fig 9 (case 5) — Lateral roentgenographic appearance of the skull, showing 
the enlarged sella turcica and the “putty finger” markings of increased intra- 
cranial pressure 

a day but relapsed into coma A consultant w^as called from the klayo Clinic, 
and he decided that she had been revived from impending diabetic coma only 
to go into a state of hypogljcemic shock He administered 20 Gm of glucose 
intravenouslj , and she recovered The patient resumed her former diet, but took 
fifteen units of insulin instead of ten units three times a day During five days 
with this dosage there was only one insulin reaction and the urine w^as sugar 
free 

At this time the appearance of the patient \vas about as it had been seven 
years before , large nose, prognathism, puffy eyelids, large fissured tongue, widel> 
separated teeth, large spade-like hands and feet and genu varum (fig 8) The 
skin, how'ever, was only slightly thicker than normal She w'as S feet 2 inches 
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(157 5 cm) tall and weighed 133 pounds (61 Kg) The thyroid gland was 
enlarged, the right lobe measuring about 3 5 by 6 cm and the left about 2 5 by 
5 cm , definite nodules were not palpable, and bruits were not audible Ther-’ 
was slight tremor of the fingers but no weakness of the quadriceps muscles The 
heart was slightly enlarged to the left, with a faint systolic murmur over the 
precordia There were several rows of flat brownish verrucae about the torso 
below the costal margin The finger nails were small and triangular, with longi- 
tudinal striations and absence of the crescents The uterus was small and atrophic 
The blood pressure was 104 systolic and 68 diastolic, the pulse rate 80 and the 
temperature 99 F Vision in the right c>e was 6/12 with correction and in the 
left, 6/60 with correction The left temporal field was slightly contracted, and 
the left optic disk somewhat pale 

The first urine examined did not contain sugar and had a specific gravity ol 
1 006 (the patient was on a diet and was taking insulin) The blood sugar was 



Fig 10 (case 5) — Bony overgrowth of the phalanges and tufting of the 
distal ends of the terminal phalanges 

173, blood urea 10 mg per cent and the carbon dioxide combining-power, 63 
volumes per cent The hemoglobin was 87 per cent, the erythrocytes numbered 
4,660,000 and the leukocytes 4,500 The Wassermann reaction was negative A 
roentgenogram of the skull showed that the sella turcica was about as before, 
but that there was now also evidence of marked increased intracranial pressure 
(fig 9) Roentgenograms of the teeth showed periapical infection in all of the 
lower and in five of the upper teeth Roentgenograms of the hands revealed 
overgrowth of bone of the phalanges and typical acromegalic tufting of the 
distal ends of the terminal phalanges (fig 10) 

Table 4 shows the daily estimations of sugar, and nitrogen in the urine, blood 
sugar, insulin dosage, basal metabolic records and dosage of compound solution 
of iodine (Lugol’s solution) for the period of three and a half weeks in the 
hospital During this time, the patient was getting a weighed diet containing 
77 Gm of carbohydrate, 50 Gm of protein and 140 Gm of fat (1,768 calories 
120 Gm of glucose) 
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On June 10, the estimations of blood sugar and urinalyses were made after 
a period of fasting and at intervals of half an hour up to noon after a breakfast 
containing approximately 40 Gm of available glucose The results are recorded 
m table 5 These figures show merely that the renal threshold for glucose was 
at least not lower than 0 155 mg of glucose for each hundred cubic centimeters of 
blood 

Six estimations of the respiratory quotient during the first two weeks were 
082, 083, 081, 0 81, and 0 82, showing theoretically, at least, utilization of 
glucose 

Three basal metabolic rates before administration of iodine were + 31, + 27, 
and + 32, and on the seventh, eighth, tenth, seventeenth and nineteenth days 
of administration of 30 minims (19 cc ) of compound solution of iodine daily 
in three doses of 10 minims (0 6 cc ) each, + 26, + 20, + 21, + 19 and + 20 


Table 4 — Data Relative to Metabolism and Tieatmeiit (Case 5)"^ 
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*■ During- the iieriod m -which these records -were made, the diet contained 77 Gm of carbo- 
hydrate, 50 Gm of protein and 140 Gm fit (l,7es calories, available glucose, 120 Gm ) 
t Sunday, tests not made 


H S Plummer diagnosed the condition as hj per functioning adenomatous goiter, 
and advised thyroidectomy It was decided, however, to treat the pituitary gland 
with roentgen rays first to determine whether the basal metabolic rate could be 
lowered by this means and thus to determine whether there was a relationship 
between the pituitary condition and the increased metabolism Accordingly, 
three treatments were given and the patient dismissed with instruction to take 
10 minims of compound solution of iodine daily and to return for reexamination 
m six weeks 

During this period at home, the patient adhered stnctlj”^ to the weighed diet 
She examined the urine daily for sugar and found it normal except on a few 
occasions when the reaction indicated slight reduction, at such times^ she took 
5 units of insulin Subjectively, she was much better 

On Aug 5, 1927, she returned to the clinic The first twenty-four-hour 
specimen of urine produced complete reduction, but the following day only a 
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trace of sugar was present The blood sugar was 325 mg per cent Two 
basal metabolic rates were + 36 and -f" 47 

Partial thyroidectom)^ was performed (Pemberton) on August 13 The right 
lobe was enlarged to about four times the normal size Three fourths of this 
lobe was removed, but the left lobe, being normal in size, was not removed 
The pathologist reported multiple, small, hemorrhagic, fibrous, calcareous, 
degenerating colloid and fetal adenomas m a colloid thyroid 

Immediately after operation, the pulse rate jumped to 138 and gradually 
increased to 178 at the time of death nine days later There wa^ moderate 
elevation of temperature, which subsided on the fourth day and then gradually 
climbed to 105 5 at the time of death The patient perspired profusely and 
became more and more restless She slept a great deal but could easily be 
aroused During the last two days before death, she was semidehnous Adminis- 
tration of iodine was discontinued after operation for three days and then 
resumed, 30 minims of compound solution of iodine being given daily Table 6 
shows the daily amount of sugar m the urine, the presence or absence of diacetic 
acid and acetone in the urine, blood sugar, carbon dioxide combining-power of 
the blood, insulin dosage and amount of glucose and sodium bicarbonate 
administered from the second day before operation until death Necropsy was 
refused 


Table 5 — Repeated Estimation of Snga) m Blood and Uuiic (Case 5) 
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* Sugar vas not found in the urine at anj time 


Case 6 — Aciomcgaly of many ycais’ standing zvithoui signs of piessiiic, 
diabetes mcUitns of seven yeais’ dniation, ina eased metabolism, adenomatous 
thyioid gland 

On Aug 22, 1927, a steel woiker, aged 44, came to the Mayo Clinic because 
of diabetes melhtus The familj’' history and early personal history were unim- 
portant Seven years previously, weakness, polyuria, polydipsia and polyphagia 
had appeared The condition was diagnosed as diabetes melhtus and the diet 
loosely restricted qualitatively m carbohj'drates A year later he began to take 
insulin and during the last two years had often taken as much as 160 units in 
a day without severe reaction Five or six years before admission, the patient 
complained of nervousness and palpitation Three years before admission, head- 
aches began and became almost constant, they were mainly frontal and temporal 
Attacks of dizziness recurred at irregular intervals and sometimes caused the 
patient to fall to the ground but without loss of consciousness Diplopia was 
present on several occasions, and a slight degree of photophobia persisted 
Thickness of speech had been present for two years Two years previously, 
all of the teeth had been extracted and following this the patient complained 
of weakness of the left side which gradually disappeared m the course of three 
months This had been attributed to cerebial embolism Sexual desire was 
completely lost For two years he had been unable to work because of weakness 
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The patient stated that he had not noticed any alteration in his features, but 
his brother asserted that they had become coarse m the last few years From 
comparison with an old photograph, it was evident that the features had actually 
undergone a distinct change during the last twenty years The patient recalled 
that he had been wearing a larger hat during the last ten years 

The patient was 5 feet 6 inches (167 6 cm) tall and weighed 180 pounds 
(82 Kg ) The features were typical of acromegaly, the skin coarse, and the 
hands and feet large A small adenoma, less than 1 0 cm in diameter, was 
palpable in the right lobe of the thyroid gland A moderate degree of weak 
ness of the quadriceps, slight tremor of the fingers and some undue sweating 
were present The tonsils were moderately enlarged and contained soft plugs 
The teeth were artificial Vision was normal, and the visual fields and ocular 
fundi did not show any significant changes The blood pressure was 148 systolic 
and 90 diastolic, the pulse rate ranged constantly around 100, and the tempera- 
ture was 98 F 


Table 6 — Labotatoiy and Thoapcntic Data Bcfoic and Aftci 
TIiy> oidcctomy (Case 5) 
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* Thyroidectomy 


The urine had a specific gravity of 1 032 and contained a moderate amount 
of albumin and sugar The blood sugar was 206 mg per cent The Wasser- 
mann reaction was negative The hemoglobin was 74 per cent , the erythroc 3 'tes 
numbered 4,260,000 and the leukocj'tes, 10,900 A roentgenogram of the chest 
revealed a small substernal goiter, and one of the skull showed enlargement of 
the sella turcica with thinning of the posterior clinoid processes Two basal 
metabolic rates taken before the administration of iodine were +28 and +27, 
and after the patient was given compound solution of iodine (30 minims daily 
for seven days) the rate was 30 

The patient was kept in the hospital for two weeks on a diet containing 
65 Gm of carbohydrate, 50 Gm of protein and 260 Gm of fat (2,790 calories, 
120 Gm of glucose) Traces of sugar appeared in the urine on this diet, and 
10 units of insulin twice daily was required to keep the urine sugar free On 
the diet alone the blood sugar dropped to 165 mg per cent The patient’s con- 
dition improved considerably under treatment Thyroidectomy was considered, 
but the patient decided to wait for a while before operation 
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COMMENT 

The SIX cases repoited demonstiate the similarity of “acromegalic 
diabetes” to oidinaiy diabetes mellitus Polyuria and polydipsia weie 
piesent m the more seveie forms of diabetes and were proportionate to 
the intensity of the disease Cases 1 and 3 illustiate the point made 
previously that the incidence of the association of diabetes and acro- 
megaly may be greatly underestimated In case 1, the diabetes was 
mild and readily conti oiled by diet If this patient had been examined 
at a time when she was eating spaiingly of food containing carbohydrate 
the glycosuria would not have been discoveied and the diabetes would 
have passed umecognized in the absence of an estimation of blood 
sugar, as theie was evidently a high renal thieshold for glucose In 
case 3, the urine was fiee from sugai thiee years before the clinical 
appearance of diabetes, but the fasting blood sugar was 200 mg per 
cent and a diabetic glucose toleiance cuive was obtained at that time 

Three of the cases weie leadily controlled by diet alone, and the 
other 3 requiied insulin as well The i espouse to insulin was just 
as striking as in any case of diabetes Fiom table 2, it is appaient 
that m case 3 the response to antidiabetic tieatment became moie sat- 
isfactory as the basal metabolic late fell to noimal undei the influence 
of rest Wilder emphasized the influence of hypei thyi oidism with its 
inci eased metabolism on the seventy of diabetes This obsenation how- 
eier, does not detract from the validity of the eftect of insulin in this 
case, since theie was an immediate and marked deciease in the uiinaiy 
glucose after the admiiiisti ation of insulin In case 5 (table 4), it was 
possible to keep the diabetes under conti ol without insulin after the 
basal metabolic late began to fall under the influence of iodine That 
impioved tolerance lesults fiom the administi ation of iodine to persons 
with combined exophthalmic goitei and diabetes has been shown by 
Boothby and Wilder 

Apparently, there have been few patients with “aciomegalic dia- 
betes” who have been carefully tieated with insulin Colwell ^ lecently 
repoited a patient who had acromegaly with diabetes who lesponded 
to insulin m a manner similar to that observed in ordinary diabetes 
Blum and Schwab compared the blood-sugar curves after the admin- 
istration of 30 units of insulin m a case of diabetes unassociated 
with acromegaly and in one associated with that disease and observed 

24 Boothby, W M , and Wilder, R M Metabolism Studies in Exophthal- 
mic Goiter Complicated by Diabetes, J Clm Investigation 1*590, 1924-1925 
Wilder, R M Hyperthyroidism, IMyxedema and Diabetes, Arch Int Med 38 
736 (Dec) 1926 

25 Blum, L, and Schwab, H Diabete acromcgahque et insiiline, Compt 
rend Soc de biol 89 195, 1923 
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a similar reduction curve in both After the administration of insulin, 
one of John s patients responded as expected, but a weighed diet 
was given at the same time so that the exact effect of the insulin is 
not certain This case was extremely interesting, as the blood sugar 
and glucose tolerance were normal thiee months latei, although the 
diet during that time had been liberal In a recent article, Davidoff 
and Cushing concluded that “insulin will contiol acromegalic diabetes 
but far less effectively than it does the moie common forms of diabetes 
unassociated with hyperpituitarism, the assumption being that the 
increased pituitary activity tends to counteiact its effects,” but they 
did not bring out striking oi convincing evidence on this point, describ- 
ing only a case in which the blood sugar appaiently was not much 
affected by insulin until aftei a “generous portion of his pituitary 
adenoma was lemoved” Furthermoie, they had previously remarked, 
“three of our patients with aciomegahc disease had been 

shown to lespond noimally to insulin ” So far, the balance 

of evidence at hand from a clinical standpoint ceitamly favors the 
deduction that insulin acts in “acromegalic diabetes” just as it does 
in diabetes without aciomegaly 

While it IS not my object in this papei to discuss paiticularly the 
question of the rate of metabolism in acromegaly oi the much debated 
question of the possible interrelationship between the pituitarv and 
thyroid glands, a few words m this regaid would not be amiss, since 
3 of these patients (cases 3, 5 and 6) piesented the interesting combi- 
nation of acromegaly, diabetes melhtus and increased metabolism 

In case 3, there was an elevation of the basal metabolic rate which 
gradually dropped to normal during a rest period of two weeks There 
was a palpable adenoma of the thyroid gland, and some symptoms 
suggested hyperthyroidism The histoiy indicated that the diabetes 
was greatly aggiavated about the time that the lattei symptoms became 
manifest However, “the recognition of mild giades of h) pei thyroidism 
IS often a difficult matter, and in the presence of diabetes it becomes 
doubly difficult owing to the fact that ceitain symptoms, notably bulimia, 
loss of weight and weakness, are common in both conditions” (Wilder) 

The history in case 5 suggests that the onset of hjperthyioidism 
took place five years befoie the second examination at the Mayo Clinic 
and that the diabetes began three yeais aftei the onset of the hj^pei- 
thyroidism The patient may have been on tbe crest of a wave of 
hyperthyroidism at the time of the fiist attack of coma and again latei 
with the attack of impending coma This possibilit}^ howevei, is not 
clearly ascertainable from the histoiy It is also difficult to explain 
the improvement in the symptoms of hyperthyroidism with the onset 
of the diabetes, a point on which the patient insisted Likewise, the 
definite improvement in the aciomegaly after the onset of the diabetes 
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IS inexplicable If it had occuried with the onset of the symptoms 
of hyperthyioidism, it could have been due to the disappearance of 
previous myxedema complicating the aciomegaly The reason for this 
patient's death aftei paitial thyioidectomy is difficult to explain The 
pictuie did not lesemble any othei known condition Theie was not 
sufficient acidosis to cause death, m fact, it was under control the 
preceding day 

Thyroid crisis would explain the inability of insulin to affect the 
blood sugai, but thyioid ciisis is incompatible with the histologic pictuie 
of the gland The cause of death in this case will piobably always 
remain a mysteiy In geneial, aciomegaly is legaided, without any 
definite leason, as inci easing the suigical iisk 

In case 6 theie is a likelihood that the diabetes was piecipitated or 
at least aggiavated by the onset of hypeithyioidism, although the time 
relations aie not veiy cleai In this case theie weie many mild symp- 
toms of hypeithyioidism, and a small adenoma was palpable m the 
gland 

In 1897, Magnus-Levy called attention to such symptoms as 
caidiac h 5 ^peitiophy, exophthalmos, lachycaidia and sweats in patients 
with aciomegaly The expeiiments of Ciowe, Cushing and Homans-' 
m 1910 showed that adiposity, lethaig)^ and subnoimal tempeiatuie 
followed hypoph} sectomy m young animals In 1927, Cushing and 
Davidoff-® leported that in 45 8 pei cent of 72 cases of aciomegaly 
the basal metabolic late was above 10 and also that m 25 of 100 
cases of aciomegaly the thyioid was palpable or definitel} enlaiged, 
111 17 of these reliable studies of the basal metabolic late weie made, 
and in 15 it was found to be elevated Howevei, in 75 pei cent of 
the cases m which the late was definitel) elevated, the thyioid gland 
was not even palpable In contiast with these obseivations, the basal 
metabolic late in 58 pioved cases of hypopituitai isni was below — 10 
Th) roidectomy m some of then cases seived to lowei the basal metabolic 
late and iodine was shown also to lowei it, although the gland m the 
thiee cases in which opeiation was peifoimed showed meiely colloid 
changes of adenomatous type “without expected evidence of toxicity ” 
On the other hand, opeiations on chiomophihc adenoma of the pituitaiy 
gland with elevated basal metabolic lale not associated with palpable 
enlaigement of the thyioid weie followed by a unifoim and striking 
fall in the basal metabolic i ate Cushing and Davidoff concluded 

26 Magnus-Lcvy, A Untcrsuchungen zur Schildrusenfrage, Ztschr f klni 
Ated 33 269, 1897 

27 Crowe, S J , Cushing, Harvej% and Homans, John Experimental Hvpo- 
physectomj, Bull Johns Hopkins Hosp 21*127, 1910 

28 Cushing, Harvey, and Davidoff, L M Studies in Acromegaly IV 
The Basal Aletabohsm, Arch Int Aled 39 673 (May) 1927 
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that the chromophihc cells of the anterior lobe of the pituitary gland 
secrete a substance which not only contains the hormone of growth 
but which is capable of raising the basal metabolic late, and that 
whether it acts as a stimulus to metabolism directly on the tissues or 
only through intermediation of the thyroid gland cannot as yet be 
definitely stated 

Of the 79 cases of acromegaly m the series from the Mayo Clinic, 
the thyroid gland was definitely abnormal by palpation m 34 (43 per 
cent) The basal metabolic late was determined in 57 of the 79 
cases Of these 57, there weie 29 m which the basal metabolic rate 
was above -f- 10, however, in 13 of these the examination was made 
in the earlier days, and only one late was determined In 3 cases 
not showing evidence of goitei or hyperthyroidism, the rate was ele- 
vated , in one of these, seven determinations varied between -j- 53 and 
-f- 30 In none of the 57 m which the rate was estimated was it below 
— 10, and 111 only 4 was it between zero and — 10 It is definitely 
established, therefore, that both abnormal thjroid glands and increased 
metabolism are common m cases of acromegaly What relation there 
is between the two glands is difficult to decide on the present data 

Case 4, while not a cleancut example of aci omegah , was sufficiently 
suggestive and interesting to be included m this repoit The tumor of 
tlie spinal cord was extremely interesting , it was a typical endothelioma 
but the large areas of ossification with bone marrow are unusual If 
one should considei this a case of acromegaly, it would afford interesting 
speculation to associate the growth of bone tissue m the tumor with 
hyperactivity of the pituitary gland The observation at necropsy of 
the degenerative changes in the islands of Langerhans, found mainly in 
the tail of the pancreas, while interesting, do not throw any light on 
the lelationship of the diabetes to the pituitary hypeiplasia Few ref- 
erences have been made to changes in the islands of Langerhans m 
“acromegalic diabetes ” Some of the early necropsy reports mention 
pancreatic lesions, but they usually consisted of interlobar fibrosis, the 
islands being apparently normal A few refeiences have been made, 
however, to the occurrence of significant microscopic changes m the 
islands , some writers have cited instances of atrophy, hyperplasia, 
fatty degeneration, hyahmzation or sclerosis of the islands, but many 
of these were in cases of acromegaly without diabetes Norris 
described adenomatous hypertrophy of the pancreatic islets in a case 
of acromegaly with diabetes Kraus reported sclerosis of the islands 

29 Norris, C A Case of Acromegalia, Proc New York Path Soc 7 
19, 1907-1908 

30 Kraus, E J Die Beziehungen der Zellen des Vorderlappens der men- 
schlichen Hypophyse zueinander unter normalen Verhaltnissen und m Tumoren, 
Beitr z path Anat u z allg Path 58 159, 1914 
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in diiothei case Cushing and Davidoff ’’ lepoited on the condition 
of the islets in two cases of aci oinegaly and diabetes in one, in which 
the glycosiiiia had disappeaied, theic was an inciease in the nuinbei 
and hypei trophy of the islets, in the other, after death in diabetic coma, 
the islets weie noimal (e\cei>t foi a single island which was slightly 
sclerosed) The ficquent absence of demonstrable changes m the islands 
in cases of diabetes iinassociated with aciomegaly is well known The 
accepted theoi) of diabetes as a disordei of the islands of Langerhans 
has found meagei substantiation fiom the anatomic standpoint 

SLMMAin 

A 1)1 lef summaiy of the lesults of the mam expeiimental and 
clinical investigations on the question of the lelationship of the pituitary 
gland to caibohydiate metabolism has been given Six moie cases 
have been recoided of the intciesting combination of aciomegaly and 
diabetes melhtus, m 3 of which insulin was lequiied In 1 of these 
cases, the diagnosis of aciomegaly is admittedly questionable Foui 
others of a series of 79 cases of aciomegaly showed some disturbance 
of carbohydrate metabolism, but this feature was not carefully studied 
in them The diabetes in the 6 cases lepoited was m all essentidl 
lespects similar to the ordinary foim and lesponded similaily to diet 
and insulin theiapy Tliiee of the patients presented the unique compli- 
cation of increased basal metabolic late, m all thiee of whom it was 
presumably due to hypei thyioidism 

CONCLUSIONS 

1 1 he assumption that the diabetes associated with aci omegaly is 
due to the same cause which pioduccs the acromegaly derives its main 
support from the following points (1) Aciomegaly (h)peipituitaiism 
due to chromophihc hypophyseal adenoma) is fiequently associated 
with diabetes melhtus, (2) The syndiome of hypopituitarism (due 
to chromophobe hypophyseal adenoma) is infrequently associated with 
diabetes melhtus, (3) even though h) pophysectomy in man has nevei 
been followed by a cure of the diabetic condition, it has been followed 
by a state of inci eased sugai toleiance, as shown in a few instances 
by the intravenous toleiance test, this inciease in toleiance has been 
demonstrated even when clinical diabetes did not exist , (4) even though 
clinical diabetes may not be piesent, glucose tolerance may be dimin- 
ished in cases of acromegaly, as shown in a few instances by the 
intravenous tolerance test, (5) transient hyperglycemia and glycosuiia 
may be produced by the injection of pituitaiy extracts, and (6) pituitary 


31 Cushing and Davidoff (footnote 1, second reference) 
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extract is capable of preventing or lelieving hypoglycemia and con- 
vulsions produced by injection of insulin 

2 The only diffeience between diabetes alone and diabetes associ- 
ated with acromegaly is its occasional spontaneous temporary or per- 
manent disappearance, a point which has been demonstrated in relatively 
few cases 

3 It would seem to be most plausible, then, to assume that the 
diabetes occurring with acromegaly is due to the same factor producing 
ordinary diabetes, namely, an insufficient production of insulin, although 
it IS possible that enough insulin might be secreted but might be neu- 
tralized by some new substance 

4 The relation of the hypophysis to carbohydrate metabolism is 
still far from settled, but there is no doubt of the existence of a 
relationship 



STOMACH TONUS AND PERIPHERAL LEUKOCYTE 

COUNT (SPLANCPINOPERIPPIERAL BALANCE) 

SERGIUS ARQUIN, AID 

CHICAGO 

For a long time it has been known that theie is a definite con elation 
between the peiipheial leukocyte count and the vaiious phases of 
digestion Dining lecent years, this subject has been investigated with 
gieatei interest in i elation to functional pathology of the hvei (Widal’s 
heinoclastic ciisis) 

In a series of leukocyte counts on eighty noimal pel sons, Feinblatt ^ 
has shown conclusively that following the ingestion of even a small 
quantity of food a distinct increase in the peiipheial leukocyte count 
lesulted within from one to one and one-half houis Bien and Varie- 
kamp,- taking counts at moie fiequent intenals, hai^e shown the details 
of this postpiandial curve Immediatel} aftei ingestion there is a fall 
in the count, within fiom ten to twenty minutes, this is followed by a 
slight rise back to normal or slightly above it Foi the next thirty to 
fifty minutes, the leukocyte count is low — ^I dcIow the starting point — and 
aftei this period of depiession, it uses m the true digestive leukocytosis 

Nuineious observers have found that childien show a more marked 
leukopenia than adults, and m those cases which aie followed by ahmen- 
taiy leukocytosis (which is not constant in children), the count shows a 
greatei peicentage of inciease than is true m adults ' 

The question of the i elation of the type of food ingested to the 
leukocyte count has also been worked out, chiefly in relation to the 
heinoclastic ciisis Although some obseiveis lepoit a difference with 
the types of food,^ the majority feel that the variations in both quantity 
and quality of the mateiial ingested show little if any effect on the 
number of white cells in the peripheral blood 

In pathologic conditions, especially in relation to disoideis of the 
liver, as Widal fiist pointed out, there appears to be some disturbance 

From the Department of Patholog}'- of the College of Alechcme, University 
of Illinois, Laboratory of Dr W F Petersen 

1 Feinblatt, H M Alimentary Leukocytosis in Eighty Normal Alen, J A 
AI A 80 613 (Alarch 3) 1923 

2 Bien, S , and Vanekamp, H J Exper A'led 36 415, 1924 

3 Glaser, F Aled Klin 18 331, 1922 Abel, E , and Brenas, P Compt 
rend Soc de biol 86 1040, 1922 Alautner, H, and Con, G Klin Wchnschr 
1 523, 1922 Misasi, M , and Aiello, G Pediatric, Naples, 30 408, 1922 
Aluriac, P J de med de Bordeaux 92 375, 1921 Schippers, J , and de Lange, 
C Nederl Tijdschr v Geneesk 66 894, 1922 

4 Brodan, P , and Sangerons, F Presse med 26 124, 1918 
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of the legulatoiy balance The conviction has giown, howevei, that this 
IS by no means a peciiliaiity of hepatic disoiders " 

The explanations for the leukocytosis following ingestion of food 
aie manifold Goodall and Paton ® believe that the phenomenon results 
fiom an increased function of the bone marrow, with an actual increase 
in the number of cells at the time of digestion Pohl,' Eidely and 
Plofmeister ® gave a similar explanation, but felt that the source of the 
cells was in the lymph glands of the intestine From adranced the 
theoiy that the inci eased count in the penpheiy was not an indication 
of an actual inciease in the numbei of cells, but was moie in the 
nature of a mechanical ti ansportation to the periphery Viale and 
Di Leo Lira,” on the basis of their experiments, attribute this leuko- 
cytosis to the increase in the hydrochloric acid m the blood that they 
found duiing digestion 

WIDALS IlEMOCLASTIC CRISIS 

Still moie numeious than the theories that account for the normal 
postprandial leukocytosis aie the theories foi the leukopenia that occa- 
sionally IS found (Widal’s hemoclastic crisis) Widal believes that this 
leukopenia is evidence of functional proteopexic hepatic deficienc}, 
lesulting in a symptom complex in which this condition, while the most 
easily obtained, is far from the most impoitant The theor} that the 
phenomenon results from some abnormal mechanical transpoi tation of 
the leukocytes has some sujDpoi ters 

Recently, a numbei of articles hare been published in suppoit of the 
possibility of an autonomic control of the peripheral leukocyte count 
and, consequently, a"' derangement of this system in those cases which 
show an abnormal i espouse to stimulation 

Articles by Widal,” Mullei and Petersen,” Tinel and Santenoise 
aie included in this list Goudsmit agiees as fai as autonomic control 

5 Feinblatt, H M Alimentary Leukocytosis m Various Pathologic Condi- 
tions, Arch Int J\Ied 33 210 (Feb ) 1927 Holzer, P , and Schilling E 
Ztschr f klin Med 93 302, 1922 

6 Goodall, A , and Paton, D N J Phvsiol 33 20, 1905 

7 Pohl, J Arch f Exper Path u Pharmakol 20 426, 1886 

8 Erdely Ztschr f Biol 46 31, 1889 

9 Hofmeister, F Arch f Exper Path u Pharmakol 22 306, 1887 

10 From, G Compt rend de Soc de biol 53 311, 1907 

11 Viale, S , and Di Leo Lira, J Compt rend de Soc de biol 96 228, 1927 

12 Worms, W and Schrieber, H Ztschr f klin Med 93 323, 1922 

13 Widal, F , Abrams, P , and Lancovesco, N Presse med 28 893, 1920 

14 Muller, E F Munchen med Wchnschr 51 1753, 1922 Muller E P , 
and Petersen, W F Klin Wchnschr 6 848, 1927 

15 Tinel, J, and Santenoise, D Compt rend de Soc de biol 85 715, 1^21 

16 Goudsmit, J Nederl Tijdschr u Geneesk 65 41, 1922 
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js concerned, but suggests further that the probable disturbance is in the 
balance of the blood colloids resulting from a deficiency in the hvei 
Glaser,^" on the other hand, believes that the stimulating factois are the 
bile acids, and that their retention in hepatic deficiency is the piobable 
explanation for the leukopenia and the changes in the blood that Widal 
has described Holzer and Schilling find that usually those cases 
which show gastiic anacidity show a typical Widal curve, and they 
believe that the jihenomena are in some way connected Wollheim has 
found that the vaiiations in leukocytosis show a definite relation to the 
potassium calcium ratio of the blood, and can be modified hy stimulation 
of the splanchnic and vagus nerves 

There must be some simple factor which will deteimine the leuko- 
cytic leaction of the peiipheiy and the splanchnic region after the 
ingestion of food Any explanation must give due regaid to the 
following known phenomena 

1 There is a definite relation to alimentation, this relation being 
expressed in a senes of actions and reactions (to coiiespond with the 
fluctuations of the peripheral count befoie the actual onset to digestive 
leukocytosis) 

2 Theie is more or less unifoimity in icaction to the different types 
of food 

3 Theie is greater instability and susceptibility in the reaction of 
children than adults 

4 Liver disease, asthma, anacidity and similai conditions will modify 
this factoi 

SPLAXCIINOPniUPIIEKAL BALANCi; 

Considerable work has been done recently as regards an autonomic 
balance between the periphery and the viscera It has been shown 
that during a chill, many of the phenomena aie accounted for Iw the 
fixation of the autonomic system in one direction the skin and the 
central organs showing opposite oiientation The liver, the spleen and 
the gastro-intestinal system all take a distinct part in this process At 
the time of the chill, of course, the periphery is in a state of functional 
inhibition, and the leukocyte count is low Undoubtedly, therefoie, it is 
possible through the autonomic nervous system to affect a modification 
of the leukocyte count in the periphery 

17 Qlaser, F Med Klin 18 688, 1922 

18 Hol/er, P, and Schilling, E Berl Kim Wchnschr 58 1 352, 1921 

19 Wollheim, E Ztschr f d ges Exper Med 53 287, 1926 

20 Petersen, W F , and Muller, E F The Splanchnoperipheral Balance 
During Chill and Fever, Arch Int Med 40 575 (Nov ) 1927 

21 Muller and Petersen (footnote 14) Muller, E F Evidence of Nervous 
Control of Leukocytic Activity hy Involuntary Nervous System, Arch Int Med 
37 268 (Feb ) 1926 
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The chill IS a manifestation of a pathologic process Whethei or not 
a similar autonomic control is piesent during the fine fluctuations of the 
leukocyte count that take place physiologically is a debatable question 
Since the gastro-intestmal tract plays an undoubted idle in the general 
autonomic visceral leaction, it may well bear a relation to distiibution 
of leukocytes, and of couise, to the fluctuations in the count that take 
place during physiologic digestion The stomach is the first pait of the 
tract to be involved in active digestion and probably the portion most 
actnely involved duimg the peiiod of digestive leukocytosis Following 
this train of thought, the conclusion was i cached that a possible i ela- 
tion might exist between the tonus of the stomach and the peiipheial 
capillaries and the following expeiiments weie earned out 

EXPCRI MEXTS 

Ex penments on Dogs — (1) Leukocyte counts were made on the fasting ani- 
mal every four or five minutes throughout the period of active hunger contractions 

(2) Leukocytes were counted in the starving animal during active hunger con- 
tractions, and the animal was shown food (psjchic inhibition of hunger contrac- 
tion) 

(3) Leukocytes were counted m the fed animals with active digestive contrac- 
tions throughout the period of digestion 

Experiments on Patients — (4) Leukocytes were counted in patients with ulcers 
throughout the period of active hunger contractions and following the injection of 
a nonspecific milk preparation intramuscularlv 

Method — The dogs were trained to he perfectly quiet without restraint through- 
out the experiment Three of the animals used were gastrostomized three months 
before the experiment was carried out A fine rubber balloon was passed into the 
stomach (by mouth or through fistula) at the end of the duodenal tube The tube 
was connected with a water manometer, and the balloon was inflated with 80 cc 
of air The fluctuations of the manometer were then recorded on a slowlv 
revolving kymograph 

A. similar technic was employed m the patients They were at complete rest 
m bed for one hour before and during the course of the experiment One hundred 
and twenty cubic centimeters of air was used to inflate the balloon " 

Leukocyte counts were made at as frequent intervals as seemed necessary 
under the usual standardized conditions Blood from the ear was used 


22 I had some difficultv in the beginning in passing this balloon in patients 
It was overcome by the following procedure a few' sticks of gelatin to which a 
little water has been added are heated over a water bath to the melting point 
The balloon is dipped m this solution and rapidly tw'isted with tlie fingers until it 
forms practically a straight rod It is allowed to dry in this position Should it 
be necessary, another coat can be applied over the first, m the same manner The 
patients experience little difficulty m swallowing this balloon, and when it reaches 
the stomach the gastric juice readily dissolves off the gelatin After passing the 
tube, I waited two or three minutes to permit the gelatin to be removed , the tube 
was connected with a manometer, and the record taken as in dogs 
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Results — ExPERI^IE^T 1 As the stomach passed into a state of inhibition, 
follow ing hunger contractions in the fasting animal, the peripheral leukocyte count 
fell and stayed dowm during the entire period of inhibition, to rise again as the 
stomach began to contract (chart 1) 

Experiment 2 During the dilatation of the stomach induced by psychic 
stimulation m a starving animal, the leukocyte count dropped as the stomach 
dilated, and returned to its original level only w'hen the stomach began to contract 
again (chart 2) 

Experiment 3 During the period of digestive contractions, the tonus of the 
stomach W'as fairly constant, and similarl3% the leukocyte count wms constant 
(chart 3) 

Experiment 4 In patients, the relaxation of tonus in a hungry patient occur- 
ring after the intramuscular injection of a nonspecific milk preparation was asso- 
ciated with a considerable leukopenia Note, how’ever, that this leukopenia became 
manifest, not at the time of injection, but at the time that the stomach dilated 
(chart 4) 

COMMENT 

From these results it would appeal that the state of tone of the 
stomach is associated with distinct fluctuations m the peiipheral leuko- 
cyte count However, it is probably not the only factoi For 
example, it is known that injection of a nonspecific milk preparation, 
a protein substance, is followed by increased function and capillary dila- 
tation in the liver I feel, therefore, that the dilation of the stomach 
which follows the injection of this substance is not a single response, 
but rather a part of the unified response of the entire splanchnic area 
Further, it is generally known that during active digestion, it is not 
only the stomach which is stimulated, but the entire splanchnic area 
If one assumes that the stomach reacts as a repi esentative part of the 
viscera, one has in that organ a convenient method of determining the 
reaction of the splanchnic area of stimulation, and further, the relation 
between the splanchnic area and the peripheral organs This so-called 
splanchnoperipheral balance is therefore of impoitance in the con- 
troversial points of Widal’s hemoclastic crisis A chronic splanchnic 
pathologic condition will be associated with h} peremia of the liver, stom- 
ach, spleen and other organs, and in turn with catarrhal gastritis and 
delayed digestion That means that in such a case the stomach will have 
to dilate more and longer than the normal stomach to accomplish the 
same physiologic end Since gastric dilatation is closely interlinked with 
jieripheral leukopenia the stomach which must dilate the longest will 
show the longest period of depression of the peripheral leukocyte count 
(Widal’s hemoclastic crisis) 


23 Muller and Petersen (footnote 14, second reference) 

C, and Pi77mi, B Arch de med exper et d'anat path 17 129, 
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Chart 2 — Starving animal , primary period hunger contractions with high 
peripheral leukocyte count , psychic inhibition following the exhibition of food 
with immediate effect on the leukocyte count 
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Holzei and Schilling^® have alieady shown that a typical Widal 
Cl ISIS will appear in eveiy case that shows hypochloihydiia 

It would appeal, therefoie, that not only in liver disease, but in any 
splanchnic pathologic condition and piobably in such diseases that aie 
associated with autonomic inbalance (asthma, hay-fevei, hyperpiesis and 
othei conditions), a prolonged leukopenia will follow the ingestion of 
food — the result of the compensatoiy dilatation that the stomach must 
uiideigo m older to maintain its normal digestive func^-ion At present 
I am attempting to obtain experimental pi oof for this hypothesis 

SUMMARY 

1 Theie is a distinct time lelationship between altered tonus of the 
stomach and alteiation in the peiipheial leukoc}te count 

2 This relation is expiessed as a leukocytosis when the stomach is 
actneh conti acting and a leukopenia during the peiiod of gastric dila- 
tation 

3 111 those pathologic states that iniohe chionic gastric congestion, 
delayed digestion one would expect a piolonged gastiic dilatation 
to meet the physiologic digestive lequiiements, and consequently a pro- 
longed leukopenia 

4 A discussion concei ning how far the balance between the stomach 
and penpheiy depends on conti ol thiongh nervous, chemical oi 
mechanical elements is not within the province of this papei 



Book Reviews 


The Beloved PHYSICIA^, Sir James MACKE^zIE A Biography By R Mac- 
NAiR Wilson Price, §4 00 New York The Macmillan Company, 1926 

There are many beloved phjsicians in every generation and Mackenzie well 
deserved the title for he was loved not only by those who saw in him the helpful 
physician, but by all who were first attracted by his investigating genius, and 
who came to know him personally All these, and all who follow later in the 
studj of medicine will wish to learn all they can of Alackenzie, and will 
therefore be grateful for this biography It is to be hoped that they will not 
be deterred by the strange stjle the author has cultivated, a combination of 
girl reporter and bed-time story teller We get a brief but good account of 
Mackenzie s descent and early life and schooling, in which William Archer, 
the translator of Ibsen, appears as a classmate The author makes much ot 
the fact that Mackenzie was not a keen student in his early dajs The impulse 
to study medicine, it is said, resulted from seeing the colored jars of water in a 
“chemist’s” window — in American, pharmacist’s Mackenzie became an appren- 
tice and for four years worked twehe hours a day in the pharmacv, with 
fifteen on Saturday and four on Sunday This w’ould horrify makers of medical 
school schedules, whose aim is to secure “time to think” for the present dav 
student Of course, Alackenzie was not formally a medical student then, and 
yet he had time to learn enough of the practical w'ork and the fascination of 
the medical career to decide to take up the study, and this intention w'as not 
lessened during the year he spent after his apprenticeship, in a Glasgow 
pharmacy At 21, he w'ent to Edinburgh to begin medical w'ork, four years 
older than the majority of the men of his “year” This w'as in 1874, the year 
Lister acknowledged his debt to Pasteur In 1878, when Mackenzie got his 
degree, Pasteur delivered his address on wound putrefaction, and the joung 
physician, thinking research as revealed bj- Pasteur was not for him, obtained 
a position as resident in the Edinburgh Royal Infirmary, as a preparation for 
general practice In due time, he settled in the town of Burnlej', in the 
“Black Countrv,” where the first American pilgrims sought him out a few' 
years later The atmosphere of that Old World corner and the daily routine 
of Dr Mackenzie’s practice are well set forth by tlie author How' he took 
to research by following up the things his curiositj encountered in practice, is 
described in a provokingly rhetorical style, at least it seems so to a medically 
trained reader Just how it affects the intelligent lajman w'ould be an inter- 
esting thing to investigate It w'ould be interesting, also, in a seminar in 
medical history to use the “Beloved Physician,” allowing beginners to give 
their interpretation of the account there, having more advanced students w'ork 
up Mackenzie’s original publications and fitting together the tw'O interpreta- 
tions It IS unfortunate for medical readers that there is no bibliography 
The various lines follow'ed bv Mackenzie in his further career are all described 
by the author, in the same artificial stvle Through it all the personality of the 
man emphasizes itself, showing his power as an observer, a thinker and winter, 
and as a controversialist, but also his personal charm, a charm both ph>sical 
and mental, and unusual sincerity and courage 

For the guidance of readers inexperienced in the history of medicine, it 
should be pointed out that certain exaggerations must be allowed for The 
apathy with which Mackenzie’s discoveries were received, the opposition he 
encountered, were not unusual or personal Auenbrugger, who was no fighter 
described the fate of all innovators in a few words So there is a note of 
insincerity that Mackenzie, least of all subjects of biography, deserved in the 
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reiteration ot the opposition of “the Giants,” that is Mackenzie’s seniors m 
practice, of their “roaring with mirth,” of the man who was called a dunce at 
college, in fact merelj' called so by himself when at a secondary school Cer- 
tain things deserve more detailed mention than the author gives them Hun- 
dreds of men before and after him used Dudgeon’s sphygmograph Some called 
It a toy and discarded it , some made uncalled for diagnoses on the ground of 
tracings well or badly made Many hundreds saw also the motion of the 
jugular pulse Mackenzie was almost the first to let his mind play on the 
phenomena, and was actually the first to employ a modification of the instru- 
ment and to advance the knowledge of disorders of the circulation More 
might have been said of the apathy of professional investigators of physiology, 
although m time a few of them gave Mackenzie and the subject valuable assis- 
tance Some of the neglect of simple examinations that Mackenzie complained 
of undoubtedly resulted from his own destructive criticism That he had the 
human tendency to eiror appears from a quotation in chapter XXXII, in which 
he asserted that certain variations of the electrocardiogram are beyond inter- 
pretation Perhaps they are, but the Mackenzie who put the funnel over the 
jugular vein would not have said so, he would have “tried,” as he really did, 
through Thomas Lewis Still another evidence is seen in his tendency to find 
"laws” for biologic phenomena, laws that may exist, but that have always 
eluded those who formally searched for them The man and his investigations 
deserve the thoughtful consideration of all who concern themselves with the 
study of medicine, and the present work, with all its faults, will well repay 
the reader 


The Phisiolog\ of Exercise A text-book for Students of Physical Education 
Bj James Huff McCurdy, AM, M D , M P E , Director of Physical Edu- 
cation Course in the International Young Men’s Christian Association College, 
Springfield, Mass , Editor of the American Physical Education Review 
Second edition, thoroughly revised Illustrated Philadelphia Lea & Febiger, 
1928 


The subtitle of the book more nearly describes the character and aims of the 
book since it is essentially a textbook for studeqts in physical education rather 
than a monograph on the physiology of exercise The first half of the book is 
devoted to the general effects of exercise on bodily functions such as circulation, 
blood pressure, heart rate, blood composition, and the effects of exercise m the 
way of training and neuromuscular mechanism The second part deals more 
specifically with the effects of certain types of exercise such as gymnastics, swim- 
ming, rowing and running on the bodil> functions There is a chapter on 
Physical Efficiency Tests and a concluding chapter on the Physiology of Training 
Each chapter is concluded with a fairly complete bibliography and a detailed set 
of questions covering the content of each chapter These questions appear like 
elementary examination questions 


The author appears conversant with the literature of the field, but the thorough 
assimilation in the presentation of the material frequently appears disappointing, 
the pre:entation being frequently merely a collection of statements by different 
authors without much analysis or critical fitting of these into the general scheme 
of the author In many places the author appears m the role of a propagandist, 
exhorter or preacher for the benefits of physical training At times he is guilty 

of loose or meaningless statements, like the following — “Woman is anabolic, 

while the man is catabolic m type ” “The evolution of the animals has been 
physical development, that of man largely an intelligent and emotional one ” 
Many of the questions appended at the end of each chapter appear too elementar3^, 
if not downright purile, to be included in a textbook on physical training for 

college grade The following are examples “Put on the board durmg- 

the class session the normal resting horizontal and standing pulse of each member 
“wn “What additional studies m blood pressure need to be made^” 

What skeletal muscles are under splanchnic control and why’” “What studies. 
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on the size oi the heart m addition to the Harvard studies arc needed' ‘ What 
are the effects of ro»Mng in future life'’ 

The author makes a \er\ telling albeit dubious point in ia\or oi ro\\ing b 3 
asserting fp 220) "that Hariard oarsmen shov a higher percentage of marriage 
and size of famih than all the graduates of Princeton Yale Bov doin and Har- 
1 -ard And further "the Hamard oarsmen are abo%e the a\erage in longc\iU 
fecunditj health and success m life The W hos W'ho in America is e\en brought 
m as e%ndence for this superior %alue oi rov mg to success All this is interesting 
but IS It good saence' 

Despite these v eaknesses or defects in the book, the -volume v ill be found 
helpful to students of nhjsical education and to doctors in connection with exercise 
as a therapeutic measure because of the presentation of the essential literature 
in compact and accessiole form. 

Dise-vSes of the Mouth Stepung \ DDS Price SIO Tvo 

hundred and se^ente-iour illustrations and 29 color plates St Louis 
C A iIosb 3 Compan 3 , 1927 

In his preface the author notes the growing need for a “more intimate 
co-operation between dentists and phvsicians A perusal oi the text tends 
toward the conviction that such consultations are nece 5 sar 3 because neither 
phvsician nor dentist has the apparatus or e-'perience required b 3 the specialist 
in an 3 branch oi medicine other than his ov n consequenth the 3 must consult 
with each other and each must record ms observations A reviev. of the 
chapters on “Examination’ points conclusiveh to the foregoing statements 

The chapter on ‘ Impacted and Unerupted Teeth is commendable in that 
It does not advocate the removal of such teeth * ithout some definite reason 
for so doing the judgment oi both dentist and ph 3 sician is frequenth required 
before treatment should be instituted 

The chapter on “Pulpless Teeth deals wit’n the subject in a rational manner 
ana deprecates treatment b 3 the c->ctraction faddist as v ell as treatment b 3 
those who are opposed to extraction 

In the comprehensive chapter on ‘Stomatitis’ page 329, I think a correc- 
tion in pnoritv should be made nameh, the term ‘Ulceromembranous Gingi- 
vitis,’ as suggested b. Grieves is 53 non 3 mou 5 with “.Acute Ulcerous Gingivitis’ 
aesenbed b 3 Dr Thomas L Gilmer m a paper published in the Dental Reviev 
1906 volume 19 page -^59, and at his suggestion and irom material furnished 
b 3 him Dr Tunniclifi cultured anaerobicalh, the organisms discovered and 
aesenbed bj Vincent and Plant, thus demonstrating them as the cause oi this 
disease. 

This book will prove a valuable addition to the working librar 3 of both 
dentist and ph 3 sician. as it brings out the multiplicit 3 of diseases manifested 
in and about the mouth and will greath assist the diagnostician rather than 
the surgeon, as the size of the volume probabh precludes the full discussion 
of pathologv, technic and after-treatment 

Epideiitc Ix'flexx'zx, .a Sufvev B 3 Edwix O Jopdvx, PhD ScD, Pro- 
fessor of Hygiene and Bacteriologv, The Universit 3 of Chicago Price, S5 
Pp 599 v ith text figures Chicago .American Aledical .Association, 1927 

The Committee on Scientific Research 01 the American Aledical .Association 
15 to be congratulated on having secured the services of one so appropriateh 
fitted as Professor Jordan to make a comprehensive surve 3 of the literature 
on the last great influenza pandemic. He has examined most of the publications 
on the subject (his selected bibliograph 3 contains nearh 1 300 references) and 
has apparenth done so with great care His comments a'-e critical and to 
the point; his conclusions are drawn with caution 

Jordan believes that the pandemic of 1918 was prett 3 ' certamh identical 
V Hh that of 1890 and the other great pandemics of histoiw , but that its relation 
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to the endemic disease diagnosed “influenza” and to the milder, more localized 
interpandemic epidemics of "influenza” is still an open question and is likely 
to remain so until their etiologv is established The voluminous statistical 
material on morbidit} and mortality and the bearing on them of various social 
factors IS reviewed at some length The vexing problem of etiology and the 
role played by the secondary invaders are well discussed Nothing of impor- 
tance seems to hare been added to the old descriptions of the clinical picture 
of the disease 

The final chapter deals with the various analyses which have been made 
of the epidemiologic data, and the theories which have been propounded to 
explain the occurrence of influenza pandemics Jordan favors the theory of 
enhanced virulence of the virus as most easily explaining the facts which 
are at hand 

Diagnosis and Trfatmfnt or Dtsfasfs or the Stomach, with an Introduc- 
tion TO Practical Gastro-Enterologa By Martin E Rehfuss, M D , 
Assistant Professor of Medicine at Jefferson Medical College Cloth 
Price, §12 Pp 1236 with 519 illustrations, some in colors Philadelphia 
W B Saunders Company, 1927 

This volume deals entirelj w ith diseases of the stomach and diseases of 
the gastro-mtestinal tract in which definite gastric symptoms occur The 
embryology, anatomy and physiology of the organ are considered briefly and in 
light of recent theories and research Much of the author’s original experi- 
mentation IS included Brief chapters are given to the consideration of special 
diagnostic procedures such as roentgen-ra) examination The consideration 
of clinical methods of diagnosis is, on the other hand, exhaustive Several 
chapters in the book have been contributed by specialists in fields in which 
the technic or knowledge required for competency necessitates special training 
or experimentation 

The last half of the volume is given to the pure clinical description of 
gastric diseases The author apparently feels the inaccuracy of the terminology 
employed in classifying many of these diseases While adhering to the pre- 
valent nomenclature, which as we know is not consistent in many instances with 
the most recent view's in phisiology, his consideration of disease is from the 
physiologic standpoint These inconsistencies are carefully noted 

The suggested treatment of these diseases is also in concordance Avith the 
most recent scientific developments 

The book is recommended to those w'ho desire a clinical treatise on gastric 
disease, based as far as is possible on scientific method Certain sections of 
the book might be more concise The statistical results follow'ing treatment 
might be considered more fully 

Cancer Control Effort of \n International Samposium Held Under the 
Auspices or the Amfuican Societa for thf Control of Cancer, Lake 
Mohonk, N li , Sfptfmbfr 20-24, 1926 Pp 336 Chicago Surgical Pub- 
lishing Company, 1927 

This volume of 336 pages represents the opinions of a large number of 
prominent authorities, both clinicians and laboratory workers, on all phases of 
the problem of lessening the mortality from cancer One person in ten todav 
IS destined to die of cancer and one in five of those over 45 

Little ncAv knowledge of the disease was reported at this meeting, and the 
discussions w'ere mainly confined to generalities and problems of educating the 
laity and the family practitioner in the importance of early diagnosis and 
radical surgery Radiotherapy was given but a limited field and then generally 
m the cases Avhich ivere otherwise hopeless The small fields of prevention in 
such pitifully few cases of cancer the etiologv of Avhich is knoAvn Avere dis- 
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cussed, and other highh controversial material v as discussed but was con- 
sidered unfit for general acceptance 

A favorable result in the campaign of the last few vears is the increasing 
number of earlv curable cases, but much room for improvement is still present 
Control bj eugenic measures is todav theoreticallv possible but practicallv out 
of the question The lead treatment is too new to pass judgment on but it 
appears to have great possibilities 

The main accomplishment ot the meeting was the organiration oi world- 
wide cooperation in the control oi cancer 

Die pharm vzfltischex Grondi agf\ der Arzn'fivfropdnlngslehre Von 
Gforg Edmend Dvnv Price, 15 marks Pp 312 v ith tables index and 
10 illustrations Leipzig Theodor Steinkopff 1927 

This book IS a German edition of Gentzs ‘Der vanhgare Lakemedelsfor- 
merna’ subjected to some alterations and made to conform to the German 
panel regulations and pharmacopeia Prescription writing is clearlj described 
and illustrated bv numerous examples which demonstrate how practicallv all 
ot the useful pharmaceutic preparations inaj be applied in practice ilfore 
than halt of the book is taken up with worth while tables of dosages, solu- 
bilities, incompatibilities, explosive mixtures and so on, the list oi antidotes, 
howev'er, is not entirelv modern 

The book is well printed and mav be recommended to those interested in 
this phase of therapeutics 

The Textbook OF Mfoicixf Bj A S Bi lmcvrtfx, M D Price, S3 Pp 530 
New \ork The MacMillan Compain, 1927 

This book is written for nurses It is well outlined, concise and complete 
Onlj the material essential to the nurse is discussed in anv particular disease 
and enough phvsiologv and pathologj is included to make things well under- 
stood The therapv in some cases seems as though it might be a little mis- 
leading, as manv drugs and procedures are mentioned or discussed which 
probablv are of little value The book however, has been careiullv written 
and will rank among the best textbooks lor nurses 
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